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SECTION I 

Il^iim^lMrCQMBlJSTIQN ENGINE PRINCIPLES 



]m tvNWHAL. a. Inordierto grasp the riiiidEimen- principle of Ihe internQl-cfimbustion engine. Hie 
till govwoiag the operation of an airiTuft puwer- t^tiidy of tlio ^xmerplant bef^'ins with the^ dennitioQ 
|3nii^ It it aeciesaary to luaduBtand the operating of the t«rm "ifiUimal-oombu.stion engine," latewal 
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coDiitustion means tbe process by wJiich a mixture 
of fuel and oxygen is burned in a sealed i;hamber. 
The yrord "eii{;iiw;" is interpreted as meaniiiK a 
machine in which faeat energy (released fiom burning 
gftws) ie tianaformed into mechaJiical energy (rota- 
tion the GTankshaft). hmde the ^luiper of a 
iS-cylindw airplane 

%i^p3iving at 2,000 fpm, a series of events ia beiag 
]Mpeated very rapidly. In 1 minute, 12 p.iston3 start 
and stop 4,000 times each; 24,000 electrical sparks 
jump across the points of 2i spark plugs; and the 
cylhid^irinlet and CAlmust valves open and close 1,000 
tmies each. The rapidity with w hich. these things take 
place can only be follorred by the imagination. The 
op^Ktioii of an engLoe may thej^ora aeem comiiliir 
«ated to the Iwg^ruaer. Howevra, an exaiuiiiatkH) 
these happeninga will show that there are aclualJy 
only five different operations (known as "events") 
taking place. These five events occur over and over, 
in the same sequence, with great lapidity. Thorcfore, 
if the student mechanic understands each of these 
five events, he will understand the operating principie 
of an Inlernal-conibiistiaa eaigioe, ^^ithlQ each cylu> 
der of an engine th« events oocvT ill th« same seqveo^ 
scrtiiat the mechanic need. tUMjaistanil tiie OpeiatitHk 
of «ily one cyluulerina^i^%iiiiQd^[|Bi^^^ 
tioa of all of them. 

'b. Basic parts. The basic parts c4 Itn iriternal- 
coiubustjon engine are tbe crankcase Cylinders, 
pistons, connecting rods, valves and crfotkshaft. 
(See fig. 1.) At etid of thd^cylinder is the cylinder 
liead, in wfalCfa tusil|16oa^^%^ and spark plugs. 
One of these vidv^es ia iii a passage leadiji£ from the 
carburetor and is celled .the inlet (or intdce) valve. 
The other is in a passage leading to the atmosphere 
and is called the exhaust valve. I'hese valves are 
operated by a mechanism which is discussed ia a later 
section. The piston is attached to a crankshaft by 
means of a connecting rod. As the piston moves OA 
and down witlun the cylinder tJoB ctauk^jaCt m 

2, ENGINE CYCLE, a. An engine cycle ia a series 
of operations or events which an iotemal-corobuBtion 
eneine mujat perform in order to operate continuousiy 
tliid deliver power. These events are timed (made to 
eocnir in a certain seai^nf») . T 
a utoum of fuel and aSr, and compress it. The mix- 
ture ia ignited at the eiui of the compres^on stroke 
by an electrical «park, causing il to burn and expand. 
The expandin-^ ^ases force the piston down rotating 
the crankshaft, f he piston then moves upward aild 
forces the burned gases out of the cylinder. This 
series of five events (composed of four ftroJ^) is 
called a cycle of events ana mTdijct; take place jn ilbs 
luforem^iitk>ned order if the engine is to operate. 

b. Strolce. StToke, as nsed in the discussion of 
ict«rfial-combustion engines, is the distance that the 
piston traveb from the top-dead-ceiiter to iKiltom- 
dead' center, or vice versa. There are, therefore, two 
strokes of each piston for each revolution of the 
crankshaft. 

(1) Top-dead-^eniej; Top-dead-center i& the poa^ 
tim that a piston assumes when it has i^eachM ^ 



maximum distance from the center line of the crank- 
shaft. This may also be termed "the top of the 
stroke." Top-dead-center is abbreviated T.D.C. 

(2) Boilom-deadreenW, Bottom-dead-center is the 
position that the pietoa assmnes when it haa reached 
)ta minimum di^anoe from the center line of the 
craidishaft. Bottoia-deBd>center is at the of^posite 
end of tbe cylinder from top-dead-center. This m also 
known as ' the iiottom of the stroke" and is abbrev- 
i«t«da3Bi@;<^ . 

3. FOtlB^S^OKE CYCLE FRI^CiniE. Moat 

intmkal-corahnsntiflp. fppne^ ojp^te on the four- 
stroke, five-evieftft principle. There are four 
atoikes of the plstoa, two upa]ra tw<);4oiri)^ ||^^ 
ibperating cycle, (See fig. 2.) ' 

a. Intake Stroke. As the piston moves downwards 
on the intake stroke; the intake valve is open and a 
charge of fuel and air is admitted into the cylinder. 
This is the intake stroke (event No. 1). At the coni- 
pletion of this stro^ the intake valve closes. 

b. Gomp(ne«^ibn «tf<iil(e< Aa the crankshaft voOr 
tinues to itrtaite, ik^ piston is forced opward in thft 
cylinder. This compresses the fuel-air mixture antti^ 
called the compr^sion stroke (event No. 2). 

c. Power stroke. As the piston nears the top of 
its stroke within the cylinder, an electrical spaik 
jumps across the points of the spark plugs and ignites 
the mixture- This is called the ignition etetU (event 
No. 'i). The fuel-air mii^turc, now ignited, bums. As 
it btmiB it e!][paDda.^id diivs 1^ E^*^ downwaxd 
txt^ang the ta- imfaJfiaft to revolve. This is calkd Un 
power stroke (event No. 4). It is the oi:ly stroke Aod 
event that ddlveira power to the crankshaft, 

d. Exhaust stroke. The exhaust valve opens as 
thecrankiibaft continues to revolve and the piston is 
agun moved upward in the cylinder. This forces the 
burned gaacas fMit of the cylinder^ and is called tlK9 
eduufitsticdyi#«at No. 5}. 

.#i6e^ -tihe intet^ valve again opens, iHiit:li^>fi^lei;^ 
ibrnvf^xoke. five-event cycle is repeated. 

e. Siunmary . This five-event sequence of intake, 
compression, ignition, power and exhaust is called a 
cycle, and is repeated over and over as long as the 
engine continues to operate. For example, it is only 
when ignition is added to tiie oUier four eveuts ana. ' 
takes place in the proper sequence that the en^iuBi 
will operate. If the ignition switch is turned off, the 
mixture will not be ignited, there Tfill be no power 
stroke or event, and the engine will stop. If the 
gasoline supply is shut off, there is fxaiioluic in th(; 
charge to ignite and therefore no pnwftr event oc* urs 
and the engine stops. It must l>f^ un(]r,rst(iud tisat in 
order to start the engine, the crank^iliaft must be. 
i^i^teld l^ anontsMe source of power such aa^igsasSt, 

*, CONVERSION OF 1!E.\T ji|lTilllGY INTO 
MECHANICAL ENERGY. Ther* may be some 
tjuestion asto why the burning of thf; fuel-air mix tore 
cauises tiie piston to be forced, down in the cylinder 
on iJie power stroke. When the nrnture is ignited hy 
^:fpark it burns^ and it gives off heat. The bsoAM, 
0Si^m»i. hy tike caiiton diosdde, nitro^eo, and ^ei^eii 



gajtes in the cySinder and csu;;^ them to expand. The 

£ressure of a cotifiried gas ia directly proporiicmal to 
9 tein{>eraUii«. (Cbarke Law). iWefoMi, as tin 
Itapefatura aUbmaas ia incrMMd, tbe prHBun of 
1hb ns is iiHsnaaed. It is ttiis p» pnasure actmf 
evflmy over tiie mtlre head of the piston thai imparU 
in<ilifiii in it and produces mechanical power. The 
btraiLrtit-line niulion of the pislon is cunverted to 
rolury tmition by connect iiig tlwfiltOBtolj^aNODfc' 
ehAft with a coiuiectLiig rod. 

ft. TWO-STROKE CYCLE PRINCIPLE, a. Prin- 
ciple of operation. The explanation previoti«[jr 
I^Vtti wu for a four^tFoke cyole etu^ne. While moiA 
■ivoraft engiciea ap^te^on the four-stroke cyde 
principle, afew of thesiuall anxiliiiry e^ngini^ Mp^Tiite 
on the two<^roke cycle principle. The pri[if i]jlf! of 
operation of tbe two types is similar. Tin- difTcrmtre 
h iu the method of inducting the fucl-air mixture into 
th« cylinder, and the number of strokes per ogmUhlg 
cgrde. As tbe pi^Aa of ttae two-ctnik« cycle *IHP°" 
mofves. np in tlie eylhidM; m partial vacuom (bw 
pnanuv) jm created in fhe crank case. Tliia partial 
iFacmiBi atarnn the fbel-air mixture from the carbur- 
etor, through a check valve, and into thee rankcase. As 
the piston moves downward and nearft thfi lowest 
point ill il^ sir* ike, the iatake port ia oiksjim! und the 
mixLiire compressed in the crankcase Ihjws into the 
cylinder, Thia ia the intake event. As ibc piston 
raovea up in the cy Under, the intake port is dosed 
asd tjifl iud-4w tnixtwe in the cyUnder i« ocmpree^^ 
At the MUM time;, a new chaife h drawn into the 
cnnliAftge. (See Sg. 3®.) This ii the eompreasion 
event. A» the piston nears the toji of lh(* strokr. a 
spark QiOCurs between the points ihf. spiirk plug 
aBd ignites the fiidr-air mixture. Tiii-. Ihr ignition 
event. The burning, eicpandinK ga^es (Irivv the piston 
down. (See fig. 3<i>.) This is the power es cut. As the 
pbttt>n moves down, the char^ in tbe cranksaw is 
compre^ed. As the piston nears th« bottOtti of the 
^lindor, tbe exbatnt and intake porta are opened. 
Ti^ eocbftust gases escape throng the exhaust port 
and a new charj^e of fuel-air mixture enters from the 
crankcase. This a combination of exhatist and in- 
take eventii. (Seeiig. 3(a),) A ballleiis incorijorated on 
Iho head of the piston to deflect thn inroming gasea 
upward and prevent "their escajMs through w.6 ex- 
haust port. The craukoa^e is part qI the intake mani- 
fold or this type criT engine and most be air UghL 

b. Advantamaaddisadvantasee. Meohanicai 
flunplicity is tbe prindpal advantage of the two- 
stroke cycle enprine. However thia type is b^ss elR- 
€ient than the four-iitroke cyde engine and presents 
problems in cooling and V^hrimtton vbkb nott Hi 
use al the present time. 

6, DlESEt^E-NGLNE PRINCIPLE, a. Prindlde 
of (»f:K!ration. (I) Another type <rf intemal-cooi- 
btistion engine is the Diesel. The prtndiple of opera- 
tion of thia engine variea from the prbidple pre- 
vioualy explainedl in that no electrical ignition ia 
necessary. On me tatake stroke of a Diesel engine, 
air only is drawn into tbe cylindi'i . On Ibr; i nnijmv^^ 
sion stroke this air is highly compreiitj«d; therefore 
it»tiBigpen«tmla poBt^ jnanMoL 



For a Diesel engine to 0|}erate, the air iu the cylinder 
must be hot enough to ignite the fucL Aa the piston 
jBMKbee tbe top of its stroke^ the fuel ninjecteaioto 
iiiie«yliader iinder a hull pfeaatue m a find^ 
ed slate, (See fig. 4.) Tbe higfaly'^MI^eMML^i^^ 
in the cylinder ignites Use fuel, 

(2) The compres-sion ratio (par. Tc) of a Diesel 
engine may be high as 14:1 as compared to a 
maximum of ~.25;1 for ga^ioline intemaJn: onihu.stioo 
engines. The compression ratio of pre^^E-nt-dBy (^ascv 
Ifiiee^ eaoginee cannot be much over 1,25:1 vr t he fiut 
aJr mixture will ignite befoteit shouid and cau^e km 
oi pow«r, mugb engine opeteiUon, and overheatiof 
of the engine. A Diesel engine may be e£tlMV^A|>V9< 
stroke cyde or four-stroke cycle engine. 

b. Advantagiw and disudvanta^cs. Tlie high 
operating pressure of a Diesel eugiue increases its 
euiciency, but also noccssiiates that it be niude 
stronger and heavit'r in order to vittistand tbo hlgb 
pressure and temperatures. Thi^axareflsedweji^^lSM 
limited the u:^ of Diesel engines in airplanes. 

7. HORSEFQVXH. a. Definition. Ahonqwnnr 
is a measoiietil'^ mil eit iriddi wodc k being psr> 
fonned. It equals 33,000 foot-potmiB cf work ptr 
minute. A foot-potmd is a measure of wwk. Onefooi* 

pound of energy ia required lo lift a l-pound Wtil^ 
1 foot. Ten fntil-pouiids are necessary to lift a !- 
|X)uiid weijjrht HJ feet, or a iO-pound. weight 1 foot, or 
a five- pound wcigbt 2 feet, etc. Tbe foot-pound ia a 
measure of the amount of work ; it does not lake lime 
into consideration. If a 1,000-pqaiid weight h lifted 
33 feet, 33,000 foot-pounds of energy will be ex- 
pended. It makee no diffennoe whether the time 
expended is 1 nunute, 1 boor, Of 1 day, it stilt tidiM 
33,000 foot-poimds of energy. Therefore, to nieasnre 
the rate at which work is ai:tompli>hed, the unit, 
horsepower, uhich is :i:l,<)no f«ot -pounds of energy 
per minute, wilt lie used. If a 1,{I{I0 -pound weight is 
lifted 33 feet in 1 minute, 1 boraepower woiud be 
used. If 2 minutes «ie nec ewar y, }i boa^&im i$ 
The oapadty of an engine to do itpoflfclriiitefti' 
ured in horsepower. 

b. Piston dLtplar.fiment. Tlie maximum horse- 
power an cjijiirM! is <-upable of developing is dependent 
upon several lac) om. One of these is piston displacfr^ 
ment. The displEiremeiit of one piston may be found 
by multiplying the area of a cross section of the 
cylinder bore by the tolal distance tbe piston moves 
in the cylinder in one stroke. This figuie k then 
tiplied by the nomher of cylinders in tbe engine to 
find the total piston displat rmrnt. For example, S 
piston 5 int^lK^s in diameter traveling astrokedislance 
of 6 inchrs ^iti it;ive a piston dusplacement of 117,8 
ciibi<: inches, !S«; tip, "i.) (Area of the crosa section of 
thtM i-lihilt-f ln>re = i.iTt X D» =0.7K4X5 XS = 
lSt.63 aad V)M X 6 ^ 117.3.) If anen^nhas H 
cylindm of thi.s si/.c, il will have a total piston ^a- 
flaoemmt of 1649.2 cubic inches (117.8 K 14 " 
1649.2). This would be spoken of as a 1650 engine. 
A 14-cylinder engine with a r>J4mcb bore (diameter 
of cylinder) and a S^j-inch stroke will he an 18.10 
cn^rinc, (0.7854 X SJ^ X 5J^ X X 14 = lEW.) 
Other factors remaining equal, tbe greater tbe piston 
di i i|iian i Ti 'wi it, lljtpNHbv tin iBiHMai hmw|pCHifli 
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Figuft S. TieO'*lTciki eyclt prineipU of a satoHne tngine. 




4fa en pine will be capable of dev doping. 

c tltimpresniou ratio. The comprps-siun ratio of 
an engine siso a tuntmHin^ furtor of tlic- iiui\iii)um 
IkQiwepowa' developed by ihe «ngiiie. I'he higher the 
c ai U B Wwto i fatio, within limita, the greater the 
maanmoia hiat»epcm&, Thspaa^XBmm ratio h th« 
ratio of tiw vdtana «f ^moq in a cylindw wfaea tltt 
pistQn i» at bottom ofita stroJ^o to thu voluma 
when the piston is at the top of its slrokd. For exam- 
ple, if there are 120 cubic inches uf s[)En:e when the 
piston ia at I lie bottom of its stroke aiif! 1 hrw. are 20 
cubic inches of space whea the pisltm is iit tlifj top 
^its stroke t he compresijl<Hi ratio would be 12(1 to 2d. 
(Set fig. 6.) Bolb timnbeis are then divided ter tjw 
nuatls ntunbar and ibe compteviaii latlo in tl^ 
pm b A to L It b p^unDy wrftten 6:1. A« wtii- 
timad beftae, there la a taadmimi ratio wbidh inay 
be laed in an {niema)-«>mbu5tioii ^^usuUne engine. 
If too highly rcmprfssed, prelfjiiititui ipri'Tiiature 
ipjilion of the fuel; will otcur. I his will rc-Hult in 
avcrhrMlinff iiiid Itjss of power. 
' d< Brako horsepower. The horseimwer that an 
ouiiiie ia c^pabte of transmitting to a propeller or 
0!t£« mechuiisiii h Tamvmmiks brake bocsepowar. 
Tbb ia not the total basaaj^ottir lUivalopad Ery the 
4Qpne, btills that part c{ the total which iMU be lued 
lOAfi iralt. t% k onnlly between 8& and 90 p«n»nt 
il lb« IMtl 011^1)^)0^ hooqptfwtt of tin 




enjMH fiu4.es 
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Fifurt 6, Cemprtttioti nUia. 

MWHpmra^. AB the iKHBmnrir 

dfivdi^iedby aa engine eannOt be ddiveced asbnifca 
boisepower. A part of it is necessary to oiviercoiine tbe 
friction of the nittvinf,' jmrla within the enfiinp, This 
part is known as 1 he frit tinn horsepower. In modern 
aircraft eiii^ines, Ihe frii liuii hursejw^er is usually 
between 10 and I'j percent of the total horsepower 
developed by the eiijiiiie. The friction horsepower 
(FHP) ia detarawwd by ■ubka^Uoe tbe bra|fl 
bcasepower OS^I^ llira wii^^ 
pamw OHP). 

FHP-IHP — BHP 

f. Tndlcatc<l horsrimw^'r. The mdirated horse- 
power is tlie total hiiniepitwer « averted from heat 
energy- to niechanifal (>nergy by the engine. The 
indicated hupiepuwer H found by u^ng an indicating 
device which recocds tba combustion pressure within 
the cyUudo'. This reading of combustion pressure ia 
then used in a formula to calfwilate the indicated 
horsepoaw, Aot mbw gli kiii gtaMur acardiB gfaorolit 
figure 7. * 
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•^-^SOttPHES&On ^EXPANSION- 

Pi§Mfe 7. I'rtf turf indieoiOT tatd, 

g. Heat IfMaes and cfTiciency. Intcitial-coin> 

biJ-stioii Pit^nesare only about 34 perrent tbcrmalU 
enif'tpiil. i'hal is, they Iransfurm only aljout 'A-l 
perrerit of ihr lotnl heat profiuced by tbe biirniriii 
lud into mechaiiicul energy. The remainder of the 
beat ia loet tiiruugh the cooling of the engina 
edtawssted through the exhaust manifold. This meam 
that of evary 100 gaQotia of fuel completely buroed 
in an engine, only about S4 gallons aire used to do 
w«k. It IS ,of oouiae, tindeiiraUt^ but ibe heat miii( 
ba xaniMad to grtwaot 4BiH«a tol^ 



So CENEKAL. iMtiiiy tvprs liik-riial-combusticaa 
engines have bc^in draigned- Howe\er, tlie use and 
ajgl^Hca^CHa of th« Txjwerplaut unit has caused many 
lUitoufactLirers lo clp^ elop some designs that are used 
mm^ comnioiily than others aiid are recogluzAd as 
oonYentionaL Intenial-oomhustion engines may Iw 
classified according to cylinder arrangement 
respeivt to ttie crankshaft (in-line, V-lv(je, etp. — 
see %. 8) or according to the metbud of couJiiig 



(licpjid-roDipti or air-* cxMJ). Actually, all engines 
are couJed by lra!i>sf<;rriiif; extress heat to the sur- 
lounding air. In entrine^ classed as air-cooled, this 
transfer is direct from the cylinders to the air. In 
liquid-cooled engines, the heal is trani^ferred frnm 
the tinders to |he coolant which is then mot through 
jnping and cooled within a radiator placed in the 
airstreatn. Tbn rfidialfir must he of siiflicinnt si/^" to 
cool the liquid eiljt:ieiitly. Heat is transferred tu air 





more ■lowljl' tfaan it is to' a liqukl. Therefore, it it 
mcpw J proivide thin metal fins on tlift e^tbiAm 
of ta aib-QooMd enguMi m onder to hav« tnwrwwod 
nirfice fOT BtjfBdent heat trsiKfer. 

a. Liquid l oulin^, J.Iij uiit -ocujlf d aircraft 
eiigin«s furnvcrly used waler a cuulaiiL. Becauiie of 
ita relatively high itwan^ pcint (32^ F.) and low 
Ixnliiig (212^ F.) j^<nnt, it m not satisfaday for use 
in preeent-day aircralEt engiiies. Id uiaay fdacea 
ground tcm{)ireUiree are bdoir 3^ F. If water were 
iwd as a coolant, eome proviaions would have to be 
made to keep it frum he^/AOji mid (hiiTui^'irif^ tliceii- 
ipne, Al&o, fAntcr buih hi a uiovh luwortotnpr^rature 
at hMi aititiides. For exum[jL(!. til nii {lUiiiuie of 
2S,0QOfMitr water will boil at 6iJ° F. l-'ur thusft rivisona, 
coolant now used is either cthUeiio ^lu-ol or a 
mixture of ethylene gljc tii and vmttr. All lypea of 
coolant contain a snaall amuuni of cDrrusiun jnlubitor, 
Onty the coolant specified in Tectuiicat Oid«s aboold 
be used for any partkolar engine. Glycfd mM Wider 
\W. trnde nnme *&aKtm^%Sl^^tm^iKmf^iA 
ain riift en^rinei 

(1) iJliyltne glycol. Pure eth> !eiift f.'l> ™) is a color- 
less, syrupy liquid with a sharp, sweet ta.'itc. It is 
iiojiH'orroHivc and has prartically no odor. It has a 
iKHliufg point of aftmnunatfiiy 350' F* nod a slu^b- 



£kiBaiiKJf«e«i:v pcitlt «f apfmndtnatelr 0** F. Ita 
liil^ IkhBor po&t and kw freering point-an advan- 
t^ies which make it *. good coohCnt for aircrafl 
engines. It has a loww rate of beat conductivity than 
■water. It also has a ifreafcr tendency to leak uiil of 
the system. Fthylriie ^'Ijccil will absorb moisture 
from the air and is s<4ulilc in ^al«r in any propor- 
tions Type A coolant (1)4.5 percent elbvlene i^yool) 
is used in unprt^urizcd sy«en» and binffladUMllla 
at operating tcnipetatum. 

(S) Ethylene glycol and water mixtare, Aa previously 
stated, ethylene glyuol ia solublfi in water in any 

Eroporllon. The tjjK^s of .^^fiiuliuiis in {^tiiipral iiso are 
sted in I'tilili' (. l'bi!se hdluUoiis ai"<; iisctl (nily in 
pres&urimi israli'il ) ,s\ Nlt'iiis. prepare these solu- 
tion::, niRasiifi^ ) lir <Hin"<'ct \ijlunies of water and 
ethvleae glycol into a container and atir them vigor- 
omfy for 10 minutes. Distilled water ur slrained rain 
wat0 n prelened but Vf^ mter may be used if it 
oonfcnna tA the spedfl(iiIAn« listed in Tecbnicat 
Orders. When not known, tbo ^^jKriiir gravity of the 
solution may be df-tomiim-d li\ use uf a slandanl 
hydrumeliT or f/!>r(il hj (iruiiirlt'r. The specilic 
jiavily should bi^ < lii-rketl carelully because aamall 
pGfloenta^ of -^atcr in i^lycul pcatly sSNstS HiB 
fieezing point and the boiliiig pdntr 
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(S) Coolitii t systems:. The cool i n sy ,sl n ni e j f a 1 i qii id- 
(.■(Kiird i'li^iiif iiia> be iiui-irt's-^iii i/^fci ui'uif'd to ilie 
atmosplierfij ur pressurised i^scaledj. A relief valve ia 
incorporated in the pressurized system to prevent 
the devctupnietit of excef^Hh e^iy hiF:h internal pres- 
sures. 'J'his valve upens when thit pressure exceeds 
the value for which the valve bos been ad|u»ted. A 
check valve (anifiler valve) is alao incorporated in 
tills type system, ^li^ the preaaure insioe the sys- 
t(!rii dri>[)S, as it docs when the engine it; sti!pp<Hl und 
Llie litiiiid i:iii)t.s, Ihiii va]\'e opens uiid inlln^i.s air tu 
enter the :>yiiieru. This equalizes the inturnul aiid 
external [tressure^ ajid prevents damage to the sys- 
tem. A mixtuie of ethyleue glycol and natef ia pip^ 
in a prestHih^ed system, 

(4) t^rteODium. Ethylene glycol (whether DOre Of 
dilutGd) looMns the rust, and stale of metab with 
which il ciiaifti iji coiitacL It should llierefore be 
periodiralK (.traiatd from the <sYslem and strained 
ihriiii^'h .sev eral layers of cheese cloth. If the fjiycoi 
has a bluish-green tinge, refill the system *ilh new 
coolant. It ia important that air pockets he etimioated 
dming leiilliDg of the s^y stem, as they will cause over^ 
heating and other troubles. To elbauiate air pockets, 
fill the syatem with the cooling system vent pings 
(air reteaae plugs) removed. If th« required amount 
of cootant cannot be poured into the tank, install 
vent plugi and tank cap and operate the enguie for 



(See Technical f)rdor applying to the particular 
e]t<;ine-) Spci {hI nuNlurcs and prufcdun's arr s[)fi 
fied in Tethnic^J Orders fur the wintcrizatiyn of 
liquid-coulcd eiif^ines. 

(5J Adivtduges uf ti<iniel coo! tng. Liquid-cooled 
install aiiuns generally have a smaller frontal area 
than radial air-cooled eimnes end therefore are well 
adapted to streanolimng. They alsQ maintain a more 
ccmstant temperature during {jperation. When the 
cooling is moi^ fsven and e'xcejii.sive temperatures are 
eliininaled, il is ]KJs.>-n)l(' hi uljlain a hi^^ht^r ct)n!- 
pression ralio i\>r a iiivcii ot tane raliaj; of fuel and 
thus develop a lii^rhiT (Miwer output per cylinder. 

b. Air cooling. (1) I n an air-cooled engine exceea 
lieat is conduct«l direct I y from the c>-hnder wafla to 
the surHMuading air. To yovide auffident heat tiaina- 
tec to ptevent overtieattog, the cy^nder walls and 
head have thin nu'ial fiiw projecting from the outer 
surfafe- .Ks the air tlnws (ivt-r the tins, it absorbs the 
excess heat ol llic < Uiinid r and IraiLsfers it to llie 
suriuundiiig air. L>c11«h 1 or bull les are fasteped around 
thocyiindeirS' to direct the fluw of air, and thus obtain 
more eflHtaent oooliu),'. (See tig, 9>) Cowl Hapa ant 
located on the airpluiic cowling, usually bebind tiia 
eylinders, to regulate the amount of air passing over 
the entire engine and tocontrd the operating teniper- 
alure of the euffine, fSi^e (i^,'- 10.) The opera timi of 
these tlaps may be con trolled either nianually or 
f h ff L | ii MiBlf(t|ff t D ly- 
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(2) Admniages of air eooUng. An air-cooled engine 
ia gienerally lighter than a liquid-cooled engine of the 
same bfjrsepnwer, sin<;e it dora not ha\ e the extra 

wcif^ht (if ttic nJ(!iii!in\ rHiiiiicrliii;! Sines, liostis, and 
Ihe (.wlaiit, It i^i nlsu Iin^; vitlucnible U) smull- 

caiiber gunfire, wliit ti may easily puiH tuie themlia- 
tor of a liquid'COQled epgjae, It is not aft'ected as 
much by coId-WBSIlur «i^eEi^^ ,«9 i It^^ 
pofferplaat. 

9. IN-LINE OR L-E\GINE. u. Description. An 

in-line en trine {fi?. 11) per p rally has an even number 
of r>[iiK!f,Ts aUiuHsirl! huih^ ttiiL-f-f^ lindcr enjiines 
have Jmsju ixjiistructed. It oiaj be eilhec liquid-cooled 



or air-cooled. It has only one crankshaft which taajf 
be located abov$ or below tiie cylinders. If j^i^plift;, 
is deslmed to operate with the Cylinders £iioilF'#^ 
crankshaft, il is called tm inverted engine. 

b. Advantages and dUadvantajy;e$. The tn-ltDe 
eiipue has a small rmiital area and is Ik tti-r adapted 
{(> iili'eaniliniiig. M licji nnjiisited ^^ilh tln' cyliiidera 
in an iru ftrLL'd postilioil, it tiHi-rs liifi inlHlcd inivnul nnf^ 
of a shorter laudijig gear and gieatijr pilot visibility. 
The in-line engine has a greater weight-to-horsepoweir 
ratio than most other engines. With increase in 
engine eize tha air«oooled in-uoetype offers additicmal 
handicaps to proper ooollog; theretore, the use of this 
type of engin e is to a large degree confined to low- and 

10. VFK- 0!|:3l^1Pp|EENCIM'.. ii. Dt-Hcrifition. 
A V-lA pe of erig^heis^^Dv^ n in ilfiLire 12. This t\ jje of 
eiitriiie cinphiys an even number of cylinders in finch 
bank (row of cylinders). The Uvo hankii are mounted 
Oft a ^)|Qiiioa ctankcaise: and form the letter "V.'* 
The anf le between the banks may be 90, 60 or 45 
degreea. The V-type eogine may be ettber aii^ or 
liquid-^xxited, 

b. Advantages and disadvanta^^es. The V-type 
enpiiiB has the same advanlajjcs a>: Ihe iii'lino fin^pe. 
These cflnifisl of a rdlatively small frunlaj area which 
permits ea^^y .siifyunliiiiiiK, aiul.iftliec) [i[i(iGrsar(i in- 
vited, ashort jandinj^ j^car and LeUer pilot \i:^ibilityt 
It has a smaller weiglit-to-horsepower ratio than Ihej 
in-line Qa|^ since it im Only m» qi>{uakab«f t for tw 



II. DOUBLE V- OR FAN-TYPE FNCINE. 

a. Dt'Sjcriptifin. A fisn-lypf; enj;iiie is shimii in 
figure U hasq ft)ur bunks of cvliTKlers and two 
crankshafts, IJach crankshaft is connected to the 
pistons in two of the cylinder banks. Both crank- 
thafts are geared to the same propeller shaft. In 
reality the fan-type engine is merffly two V-^pe 
engines joined into a single miiL At jxemii^ jBllsi^ 
type enpiies are liqiiid-couled. 

]i. A(! I, Jill I :i;;i's jilu! dihiitli antapes. The fan- 
ty|,K; r)i;^!iii> liiis ;i !;»rj;('r I'ronI al area than tlie V-type 
aiitl so is more diliir iilt to slrtianilinr;. The [uinnpal 
advantage of this t>jpe over the V-type is shorter 

IS. X-TYI'E 1:m;INE. a. Dr!Scrit>tion. An 
X-type encine is shown in figure 14. This lifpe Cft 
engine employ s eoi even number of cyHiiders mOunteiS 
on a common crankcaae in four banks, pigtoiQ of 
these cylinders are all connected to a angle crank- 
shaft. It may be either liquid- or air-cooled. 

1>. Advantages and ditiudv{uit:>^r$' I'hc X-type 
engine has a lower weight- t(>-liiiis('iii.iw(>r r:Hiti than 
Ihft fan-type enghie since it lias only one crank'jiiaft 
iNiaad of two. Oke tire faii-ty[je, it is difiifult to 
BtreamUne because of its larg^ijjputal afea* Its Bbsyrt, 
overall length for a givrai niiiimmiM ^i0d!em M il» 



n. OPPOSED- OK O-nnp^^ClNT.. a. De- 
scription. An opposed-ty|ia ^^li^ne is tihown iu 
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figure 15. Hi^ type has two banlo of cylinders 
directly oppd$it« Mch (Aha' with a crankshEin. in the 
roller. The pistons of hoth cylinder banks are cod- 
iietted to the sin file crankshaft. It may be eitiier 
liquid- nr air-i (xilcd. It may iw mitunt^ irilli thdt 
ci iiuders either vertical or horizon taJ. 

llN Advaiita^m BAul di|!fHlvaiitages. The ^||)^ 

Ifdil^type engine has a low 'Fciii^t't&'bar^piEif^ 
fft^ and its narrow silhouistta iftakes it for 
InadjKoital iostalkU in the wings e»f large airplaites. 
|Liioth«£ advantage is its comparative fireedom fnom 



14. RADIAL-TYPE ENGINE- a. Descrtption. 

A radial engine is shofwn in figijre 16. The cylinders 
are arranged radially In one or two row s. Karh row 
has an odd nunihiir of rylmders. All of the, pi.stoiis 
are connected to a siii^;lf! < ruiiksliaft. This type of 
enfiine Tmy be either liquid- or air-cooled. Miidem 
>ip[isd .^!l}^iiaefl are air-cooled. If thore are two rows of 
cy^dfSrs 6H an aiivcocled r ad i al engine, the cylinders 
of lite rear row will he located directly behmd the 
spacer between the cylinders in the ipr^ ICh^ 
^ule in cQoliiif the teaf cyliDd^TS. .. 
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Figure II. Inverted tti-iim engiHt. 




engine has the Itiw^est weight-to-horseponft-er ratio of of present-day American aircraft. B«caiis6.ak is iiaeii 

all the diiTerent types of engines, lis principal dk- as a cooEing medium, operating temperatures of this 

advantage is its Large frontal area which makes it tjpe of engine are very hi^. To some extent this 

difficult to streamline. This problem h being solved, Jimits the^cotnppsiiQta jaa&: for a fuel "pf a jiv^ft 

however, and radial engines are used in the to^iurity oct^id rating. 
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SBCTION lU 

D^cmrnoN and aoNsmucnoN of engine units 



ULCSENEBAU D^mii«lJied«sigQin|^ of an aircraft 
eni^ne, the engiiveen attempt to obiam a unit whkli 
La eflideut, simple, lelialile, and compamtivehf Bgiit, 

Ecoaomy of linic and expense in its manufactufe, 
line maiiiteiianc:e, and shtip n p:iir lire alsMJ itfima of 
ms^or hnporlutice. Desiguiiig au euglue is by no 
meaos simple. The designer muAi constantly make 
Ottnpnuiiiste between two or more factors. For in- 
sUnoe, present-day airpLane eogities could, be made 
iiHTO emdflDt, faiit1^i» would Im heavier^ They ooukl 
bfciiii«teKghtirthrt|ni!¥w<?iiMbel»€ffidM^ 



14. CRANKCASE, The fc)tmcln( ion of the engine is 
the craiikcasc. It coiilyiins the Jhuuuiks in wliit-h the 
crankshuft rcvnives, Besides suptmiling itsdf, tlifl 
crankcase mu^t provide a ti^ht enc UsnrR i'ur the 
luJaricaling oil, suppurt, various iiihrnal and c\(enial 
loecbsnisms of tlie CDgirie, and povide support^j Terr 
the attachment of the power plant to the airplane 
and for tbe attachmeat of th« oy Under assemtdy. U 
nmt be sufliciflntly rigid and strong to prevent mia- 
alignment of the crank shafi am! ila bearings, Cnst. ur 
forged aiuniiiitiiii ttHoy j^ei)i'[';illy imcd fur crank rrtsi^ 
construe lion bf'<'uiise it is hikI slrdiig. On somn 
of the hi(.'lirr-power-outpul ei!(.'in('s. forced- steel 
<Tuiiki:a.s(=ii are aometimes used. Craiikf'a.-P^; ofletl 
appear in v arioua shapes and tsam and jou |n 
lirniiiiliii Ml iij iiiimiM ii lil iii Jia|Mi iftil imtj nniitif iff 
aiidoixMHiy]ii«o«a. \ 

a. In-line and V-typ« etiglM eiaiikeaafeaw' 71m 
In-line and V-tyt>c pn(nn« mmliw— > jww flpt^p^ 
made in fuur iniijor parts. 

tl) Tft£ Jnmt or tiose section. This s«:tion t*f the 
craokca^e h local^ nearc£t l<> rlir propdkr. It may 
be cast as a part of liie power -i i f !■ ':i nr it inity be ctf 
a separate dome-ahaped or conical cua&truclioa for 
streamlinfl effect. Hua eectkiD houaes the propdkr 
fthaft, the propeller thnst beaiinf and tlie propeller 
reductioo-gear train. It often provides a mqiimtuig 
pad for the propeller governor. In ttune aiiplaiies, «g 
menetypeof fj (z liter, the nofteseclioD is located bohw 
dib-iaiiLe jii'iti tlio f>n^;ine proper. In this case ii ig 
couuei:).M tu tlit- rn^dne through BD esdcfisioii shaft 
and the redui tiftn-gear dliweJilMtptttftt :ftildllie»> 
tion fiyatem of its own. 

(2) The ma in or power sed ion. The main or power 
•M;t«Hi of tbecranluwaeis dEt«A made upof twonturt*, 
an upper part to vUcb the oylinder mmmy h 
Ikilied and which supports the upper half of tlie 
crankshaft bearings; and the lower part wWdi ta- 
cloi^ the crankshaft and supporUs thn tower half of 
the bftarings. {S*?(! Iig. IT.) '1 Iib cylinder a-sscmbly in 
mounted on Ibfr ht^av ieroflho two parts. Reinforc iu^,' 
web partitiotia support the crankshaft beaiinga. la 
many cases ihh lection will provide ext@3ial mounts 
ing lup and boawa ^ sttobiiiiig the «ngine to the 
Vufpub UKHinL 

Fad in^mlim mii ^m&a0>» mim. HiB 



■Bction is uauB% located next to the power eecUon. 
ti hoisea the dimiser vanes and supports the intHnal 

biowcr-imfk'lU-r. The induition manifold is Uh :i1fd 
between the cvliTidens and (his set'tittn, Tlie hiiii'-iiij: 
J>^o^ ides ;in ripening ft)r the ul.( in-biiirdl of a riKniifntd 

JtreiS^ure line and provides internal passages for the 
tiel drain valve of the blover-impcller. A crankcase 
breathe£ opening is amnetines located on the «ixtinial 
fiuifaoe of thb bcMiiing. llUs opening Ifr eOiaaiDlcd 
throu^ internal passages to t1i(- ^-rankrase. 

(4) The eetestfory seciion, 'I he nccftvifsry Imusiiig 
may be a pai t "i I f^f induction and tli^lributiou m-i - 
tioD or it muy be a separate unit which i^ inimnti'd 
diret-tly on the induction ^nd distribution charuijcr 
section. It is generally made of an aluminutn- or 
magnesium-alloy casting, contains the ac(~cr.ssory 
drive-gear train, and provides mourvting pads for t he 
oodant pump, fuel pump, vacuum punip. lubricating- 
oil pumps, tachometer generalt»r, and maynelos. 

b. Kudiul-onijino crunkca^e. The radial-engine 
crankcaise has fmni t}iri!c In aeven prinripal sct:tions, 
depending upon the size and type of engine. A largnr 
engine incorporatee tmce sMiticins tlmn a sniuUer otic. 

explanatory pnupcBes th« oonventianal ladial- 
va^)» eranLcase assembly Ran be divided into four 
m^jer sections. (!>eefig. 18.) 

(I) Fro/ii or fUJ.^■e-se^^ll^^i, The metal used in this 
aeclum generally aluminum jilioy. The housing is 
tistudly somewhat bell shaped and fastened lo the 
power Reclkax by studs and nuts or cap screws, li 
supports a propeller thrust hearing, a propeUer- 
govemor drive shaft and the ptropdler reduction-gear 
assenddy, if used. The noea aecllon of a radial ennna 
nuy also house a cam plate or cam-rin^ mechaiusm. 
and an oil-Hcavenging pump. /\ propeUer-govemor 
control vah e, a crankcase breather, oil sump, mSg- 
iK'iu, or niii^nit:tu distributors may also be maatttad 
on the external aurface of the now section. 

(2J Main or pouwr stdwA, TTje main section may 
oonsat ci oaa, two, or three pteott cf bi^h-streofth, 
heaMrwAiad ahutttnnin-alky or ated forging. If two 
or three neces are used, ibey tie bolted tfipcther. 
Cran&shan bearing supports are providf^d at the 
center of JMch in;h[i rrankcase web section. The main 
rraiikras*- :irt'tii«i Usually hfniMf^ ond support.^ the 
i;am-oiH i;iliiig mechanism, ( )il mcmIs are provide*! be- 
tween the front crankcase t^edion and the main* 
cninkcase and the fuet-diatribu lion isccttoii. CYUndw 

moontiiiig pads are p^vided radially around the out- 
inde cfrcum^emice of fbe powCT section, ^ds end 
nuts ec en actews secure tlir^ r> Hnd<^rs to the pad;^, 
(3) Ftiet indwfion and diilritmlion section. This 
!^RCti<>ii (also called the supen harger or blower sec- 
tion) is located immediately behind the power uec- 
licHu It may con^st of one or two pieces. The 
principal purpose of this section i« to house the 
hiow« or auperdiaiser iniHdln and diffnMr v«Mi. 
fi^B MW gi we prawJdod <in toe 0b 
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«l tlM toMiMi tn WlTirli the individual iuductiui 
pipes, A nilff obedlDf is provided fur the alUcb- 
meatorihe roanirold pressure tine. Internal pasaaf/m 
aie ptovided for the aupefchargcr drain valve. 

(4) Aaettofy tteUotu In ame cues, the cover of 
tbe supradurger bmt hoorai^ is «Histiucled ot tn 
dununum- or manMsmiKaUoy easting in tiia Ami 
ol a heavily ribbed pUta. It provides mouating pads 
far the required acceraory unlta. On other engines, 
tbe arret^ury ho u dugs may be m^jUiiLed directly on 
the rear of the oraiikcases. In alt caties the huuttiti;^ 
will coriLuiii tlie t^'ears for driving the iin'l purapa, 
vBcuuin numps, lubricating-oil pumpy, tacliunieler 
gcmrakiit K<$fieratoia, and iiwgiwim> Muuntiag 
pads are pi«MM.|cit 
charger ooDtii.itiN|»lia^>aiij^^ 

IT. CRANKSHAFTS. The crankshaft is the back- 
himir uf an iiilernjil-combuslion enj^iie. It is subjected 
U> ^11 I lie furcx.s devdojxxi bjr' the enji^ne. Its main 
(»iirp(H£ is lo Iraiisfurn:! iLe reciprocaiiiig ututioa of 
the p^oiL uiid coiiiiL'c lirig rod iutu rutary motion for 
fotalKHi of the propeller. The crankshaft, as the name 
iiiipliea» h a ifajaft composed of om or mora cranks 
km^lt «l specified spots between the ends. The 
«Finks, or throws, are fonned by for^rig ofTiiets into 
dshiift lii'lrir*' it is macluKcd. ■\.srr;iitk--ihufLs must be 
Vary strung, they are geuerali^ lorded from a very 

«ted. 

a. Parte of the erankiihaft. A araalcahaft iDay 
be cX smgle-pieoe or mnlU-^ieoe ooosbiicUon. Cor- 
responding parts of all ciankaftafto pcrfoxm esaea- 
liulh tlie sanip functiilliai. Ewll ffSOt ll^ « ^OOlflQ 

name and fuiiL-lion. 

U) Jvuraai \ main journal (fig. 19) la the ptt% 
which is sup|>urted by, and rotates in, a utainbMfttt^ 
[i eervc^ as t)ic center of roiatioa of the awdaltfl 
and is Burface-hatdeDed to prevent wear. 

(2) Cmnkpin. This is the section to which the 
rotiiiiicliiiH riid is ;itt;iched. It is ofV coiitor rmm thp 
main j<>nrnLih !li;r. I'^i titid is tjflcn T«fiTrwl lo n 
"throw, " V\ |h-ii a \'<mv is appHisl u> the orfliikjnn in 
any direction udu r Ibini pOirallAi ur per^Mindicnlar to 
and thruu^'h the centciline of the crankijhdft, it will 
cause the cranJusbaft to route. The outer surface is 
hardened to increase ita lesiBtanoe to wear, "tbt 
oulfpiii is usaaUy liolbw. Tbk leduoas th« total 
wdgfat of the owucsbaft and provides a passage for 
the tninsfer of lubricating oil. The hollow crmikpin 
also !it'rve,s as a chamlwr for collecting sludp**, t urhfjn 
dtjKisiLs. and other foreign material. r.cntnfiif:al 
force throws these subiitanees io the outside of the 
(Aianiber ami tlms keeps them from reaching tbt 
CCMOMtlne-rod bearing surface. On atmt vd^^m a 
idrilkd p^Bge extends from tbe cfaambo to an opni^ 
inf on tbe outnde surface of the connecting rod. This 
alKiwB cleian oil to be sprayed on the cylinder wBtl!>, 
Cniuki-hrri:. Tlie crarikcbenk is ilic part iiliirli 
coistjn Ls Ihc iTiuikpin to the joiirnfil list shown in 
ii^ma 19. I ii sonif designs. I lie ( lim-k cxli-nds beyond 
the jotiroal and carries a counterwei^i to bawaca 
'tb» aanMMift, IhemxiB^fM^ mm h»0iiiemSi 



Con.<rt ruction in cirdt^r to (ititaiii Ihc r4?qtdR|i|l!||ijU^ 
between thft (Tankpin uuti the journal. 

(4) 'Counierurujid ami (himprrs. livery plf of 
rotating macliiriery has a t-iTUin definite speed at 
which excessive vibration is set up in the revolving 
masa. OHmterweights atid dampers are suspended 
iMnL tfiectfied craokcbeeks in order to ^ieve liiA 
wMp uid vibratioa caused by the rotatioo of the 
nankahaft. FToaUpg damper weights are soiiKtiaies 
incorporated in a counlorwiugbt assembly to reduce 
ctaukshaft vibrations which are caused by power 
impulses. 

b. Types of cmnktihafts. In all Cases the type of 
ovnkshaft and tiie number of ccankpuis nuist cor- 
l^spcHid with tbe cylinder airaogmimt of tbe wiai^ 
The position of toe cranka <». tbe ctankeluui in 
relation to the other mi9)lm i^ pMm iiitth im 
expressed in degrees, * 

(1) i>ittfj(e throw crarik<tluift. The simplest crank- 
shaft is the single-iljruw or tvpe shown in 
figure 20 ®. This type is commotdy found in a siii^^ 
row radial engine. It may ba constructed in <m^ cr 
two pieces. Two main beaiinflt (oDe(Bi«aclt«a^ ara 
provided when this type of crankshaft is nsad. 

(2) DoiMe-Ihrow erankthafl. The double-throw or 
180" crankshaft is shown in iiguie 20®. This type is 
ujiually found an dodlilo row radial engines and on 
two- and Jour-c-y lirultT 0| i[>ased f ^n^'ij ii^s. J ii the radial- 
Lype engine, the criudtsbaft provides one tljjow for 
each row of cylinders. H may ba constructed in one 
pific^ or in three pieces. Three main bcadng joumab 
ate provided. I'lain- or roller or haU'-type beaxb^ 
or a GomlnnatioQ of types may be used. 

(3) Four-ihrow eranishafi, Kour-cylLnder in-line 
and ei^t-cylinder V-lype engines use four tlirow 
crankshafts. (See Gg. 20®.) Two throws of this 
trankshaft are placed IBU* from the olhtr two. 
Dei^uding upon the idze and power output of the 
engme, tbe crankshaft may incoipcrate three or five 
cranksbaltjoumak. Amr (siijmmfKsmii^ta^^ 

of bearings may be med. 

(4) Sij^throw crankfhajl. Six-throw crankshafts are 
iistid in 6-cyiinder in-line, 12-cy Under V-t,ype engines 
and 24-i;ylind<M- X- and fan-type uiijtiiies, Tlie 
ciaidipiiis or tiank tlirows are placed 120° apart aa 
shown io figure 20®, When this type of crankshaft 
is vsed in a t2-cy linder V-tyjpe engine or in 24- 
cyliider X* and fan-type engmes, two connecting 
rods are attaehed to each orankpiiu Tim cnuiksfaalt 
may beooiBbructed with fiveor seven main journals. 
The manufacturer niay use all plain bparinj.'S or a 
combination of [Jam lif;^rinf;s and roller or hail 

c. Crankiiliart buUnce. Excessive vibration not 
only results in fatigue failore d'tiw metal stnicturea 
but also cau^thamovinK parts to weiffrapdly. In 
some imstances, t^amkn vtbretion may be caused 
by a cxanksbaft whkb k not balanced . The t ^^ <> k i nds 
of balance are static balance and dynamic balance. 

(1) Slafk hiihiiia'. \ iTinikf^liafl is statically bid- 
anoed when tbe weijdit of tbe entire as-sembly of 
crankpins, crankdiaww, 'tUH counterweights is bal- 
aoH^arwpd tb9l#^^X^^ Wbm tenting tbe 
MqM ^ 'mm hmailik >a placed nn tmt 
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kiufe edges. If the shaft tfeiida to turn to one position 
during the test, it is out of static balance. 

(2) Dynamic balance. A crankshaft is dynamically 
balanced when all the forces created by crankshaft 
rptatiiQa and power iunpulstss ar« balanced within 
^kft^lKiJve^ that little or uo vibratjon is produced 
whm tb0 eogiiie is pperatini^. In order to t:^d0: 
vthmtion to a minimun) during er^ne opi^l^Sdic^, 
^yvamic dampers are incorporated on the cranltshaft. 

dynamic damper (fig. 21) is merely a pendulum 
mrijicb is so fastened to tht crankshaft that it is free 
to rtiQy^ in a small arc. It is inrorporited in the 
ipbuiilCTweii^hi assembly. Some cranktihafts ioeor- 
j^fite two or more at these assemblies, eacb being 
^iilliiflied to a diffeirent crantcheek. The distance the 
jooov^ wad its vibrating frequency cor- 
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10.BEAJUNGS. a. A bearing is any sqr£aiX! «3i$ci» 
supports or ia supported by another auffii£)^ A goifi^ 
bwuriiig nmst be composed of material that is strong 
enough to withstand the pressure imposed on it and 
should Twrmit the other surface to move with a mini- 
mum of friction and wear. The parts must be held 
ill position within very close tolerances to provide 
clTicient and quiet operation and yet allow freedom 
of motion. To accomplish this and at the same time 
reduce friction of moving parts so that power loaa is 
not tixoesdye, tubilcated Iwanngs of many types are ^ 
used. Bearings are called on to take radi^ loadaj, 
thrust loads, or a combination of the two. 

b. Typra of bearings. There are two ways in 
which bearing surfaces may move in relation to each 
^l^er. One is by the sliding movement 
i||j|)^,the.!^ 



\ 




o 





-IS 




roll (iver the other. The three different tywa of 
bearings in ^aeral use are: plain, roller and ball. 

(I) Pktin bearings. Plain bearings {fig. 22) are 
(peiienilly found on the crankshaft, cam shaft, and 
tiiib connecting rods of an engine. Such bearings are 
HBiUilly subjected to radial loads OTily, adUuHi^^i jsoirti^ 
have been designed lo lake thrust ioads. 'J he nu!tal 
used for 111 is type of bcariiiir may be eilvcr, lead, an 
alloy (such as Inmrn^. iii bull hilt), or a cum hi nation 
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of two metals. Babbitt offers iil,tle frictiou when used 
aa A bearing but it 13 unablei to vritJistand high pres- 
sures. Bronze oa the other bandit abl^ to iril^iManA 
high corapreffiiive pr^ssum bnt offers trtuch liiore' 
friction than balihitl . To romhinr llm a(!\ !intaj.'PS of 
these two melals. \bc hTuim'-lnu ked Iwdihitt beariiijj 
iMis do^ filopod. This l.i, p<; of liriii itij„' lias^ n t)ii[i layer 
of babbitt (which serves^ a bearing surface) "n thn 
inside surface of a bronze body. Other comliiiuii: iorn 
have been developed wRfL are used according to 
specific requirements of a |iurticuiar engine. Mo«st 
modem bearings consbt of precision ated shells lined 
^ith a suitable bearing lining metal that is able to 
V ilbslgrd the bigli unil hjads, hi^'h speeds and high 
tmiperahiJ^ti eiicoiiiUprr:! iii airnafl (>Tii;inGM. This 
I^Jn•' lA' br;ii-iii;; is Vf'r> pnu'ticol btx^aLis(' It, t-aii bc^ 
r<'pia* cd ^ulb^l^]t si'iapiii^c or titling and it will suii- 
tain hiuh sliock loads, 

{2) Holler bearin<jfi. This type of bearing is made 
in various types and f-iiopes. Straight roller bearinga 

radial loads are present. 
%i«iiiied tvlffil- bfearinpts are manufactured to absoA 
thrust loads. The rullt;r its^^ll" rolls hiM.iveen an irnier 
and outer race, both of which are of case-bardeiied 



steel (See fig, 2a,) When a roller is tapered, it rolls 00 




(3) rill 1 1 brtirituj:!. Tlie Imll heafiiij; ct.nislj^l.s of a si 
inner race, one or two set^i of sled ballsj and an outer 
race. (See 0^. 24>) The balls may be arranged in one 
or two rows. The inner and in some cases the out^ 
races are designed with grooves to fit the curvature 
of the balls, ^us allowing large contact surface for 
carrying hi^h radial loads. The bearing may or may 
not iio self-aiifrniiij:. 1 \' ihi; bcaritif; is Kelf-alifjiiinpr the 
outer rate may not have grooves. The scli-aligiiing 




smaller cnn'ncs. The end of tbe rod which connects 

toth*^ f'ritiik4i:in U kiiimn (he bii/ rnil. 'Yhf olhcr 
end i:^ kinjun iifi llir (n'ytint-itin end. rimiipt I iii^; Tixh 
musL he srittrij; <Miijtii;li Id remain ri|;i(l iirn)(>r load 
and >et. iMi SIS lifilil as pussilhlc tu rpdiicp tlie inertia 
forces whicii arr prodtit i-d ^xiinn (hertKls sl(i|t. cliallgift 
direcUon, and slurl m ihc riid of each stioke. 

b> Tirpea of <-f>iiiu-ctirip rods. (I) Plain-lype 
cotmtctmg-rvd gsamitdy. A pl«n-lyiii^«|8)|ik6cttii^ rod 
is shown in figuce 25. Tbii u used cm lu-nne etigtoea 




FtguTt H. Ball bearing. 

ieature enables llie tjcaring in yno\ hW suiisfatiorily 
%K ODflvoidabte rundilluiiit uf ^.M^Ul nnsaligninent 

titt^ )}| frame dktoirtiaa shiMiL idieUeplUKi^ 

19. CONNECniVG RODS. a. A conne<'tmg rod 
is the link whlrh t ransmils forces bHwcfri (hR piston 
and tfaecrank>)Kifl . W !iitr>.hTiM'cn[|[n-< titiL' imJs h;i\6 
beenmnde wiili hiljiiin ■ i--->rt tiiFri>. jtiii.-| f.i| iliem 
afBof "M" (>r ■ I ' i p.'.s M H I itiris, \ l.nif,'h sleel alloy 
b eenerally utied an lUe jnuterial Ibr a cgmoctog rod^ 

diuiittiiok alloy It fimd ia loiue m Oik 



and the smaller Of^xised cinglms. It has a bushing in 

the pis^ton-pin end. Thin bushing its uitually oiada of 
bmnze, into plfire, and then ream<Kl to stxe. 

Oil ihn liifiCMil is a caj) i«nd « two-piece Ix'urin^' shell. 
'] lio U'iirin;.' >ln'll is UsUalty made ofstrtl tiiLil is liiiod 
\vitli siiinc nniilrrn iiiri bcurlii); material sin'h as hab- 
bill, bronwi, Icudbroiiirc. cdninT-iead. or l<'«d-silver. 
The Iwo-piet e slit-ll lit:* sim^'l; in the Ihk i-ikI of the 
cotmeciing rod« Dowel pi lis w retaining lugs prevent 
it from turning. The cap is held on the end ofthe rod 
by bolt9 or st iids. To nudutain prwer fit and balance, 
conned in;; tihIs are always replaced in the same 
cylinder, .md in ihc >Hmi' n'futhf ]!<j-il!MiL 

(2) {•'•rk-u'iii-iilai.ie f'thm-i hiiij-riiti ii-'.^vitthly. \ fork- 
jiTid-tiladn ((iritiiH I iiL;^'-ri ni ii^sfiidily i>; .shown in 
iig:urB 26. ilie lurked part \a ts^iit on th$ bi^ end 30 
tbai «|ine wlU Tctti^iSitA for tite Mtde lod to ffii 




fifurf M. fork-9mdMadt-tfft eomiitedm§ rod. 



between Uw. firoiiirs. Oiio i,w()-[>i(;( ItiMrinL' shellls 
used. This is InsifiH-d by lugsi or dowel [iim to the 
forked fiifl. Tin- rciiiiT area on tlic ntilcr surface of 
the bearing shtll twitwopii the lirgiii,"*! of tlie forked 
rod is coated with a Tion-ferrous iK^ariiig metal to 
net w a joDZual for the blade tod mid cap. The Imk- 
BiktUnu oonnecting rod is aaed on the V-type and 
on targe opposed-type engjiMW. In crder to maintain 
proper fit and enfjine balance^ the fork-and -blade rods 
are always rcplarcd rm I lift cruiik^iluift in I he same 
relative positions a^ tliej ^^ere iu the urigmal irislal- 
latioti. 

(3) MasUr-and-aHkalaied rod ammbljf. A nMstei^ 
aiia>anicut3Ud comexAiafmd. asaenibly is ^onmin 
^gpe 27. This type of «Qanecling-rod assembly is 
an X-type, radiat-typ«, and on some V-t^iie 
enf;iiie,s. The master uni is siiinljir to any oilier con- 
itecttiif^ nml i'X(<'])1. ihiit }JrllM^i^lll is made for the 
attachmnit of Ihi* urlicuhu^'^l rmls on tin; lii|? end. 
The articulated rods are TiiiLened by kauckle phis to 
a flang« aroujod the nia.iter nd. A. bosbiug of non- 
ferrous metal, UMially bnHize, is pressed or shrunk 
into eadi artjailat«d wmnecting rod as a knuekle-ittn 
be^ng. The knuclde phis are aometinitia Adl-Qoating 
and are aomeUmea held tightly in th& ma»tcr-rod 
holf>; h> |irf'j«i-(itand lock plate^i. When the bi-^end 
of ll»^ jmisl t^r rod is made of two piwt's, luonisly llits 
md iiEid t'jjp, I lift <Tuitk}<hul't A^ ill lie one Kulid ;>i<<rc. 
If the rod b made of one piece, the i;runks]iaft will 
be of two- or three-piece oonstrucrtion. Jn eiLkier QBiei 
suitable beaiuig niiSlKee vill be provided. 

20. PISTONS. The piston of flu iiitPrnjit-conihustion 
Rnpritie is Hiijiply f |ihi[i^'*ir wliit h itmvi s l>:i< k and 
forth Mithin u stcrl c ylinder. As \h(^ pi^tmi nnnes 
down in tiio i > liiuior. it druw^i in 1 1n- 1 nrl-nir tni\luire. 
Aa it mov(\'s Oiiwiird it comjircs-^i's iLe i }i:irt;td. l^oi- 
^w porairo mid tha«aqp«Ddi[ij| gases cause the pkttm 




(toward the hooS^ ft fiaeoes liia Imnaed gasM flAA cf 

the combustion cfaaniber. 

a. lJt-ij(!riptKni< A typifu] pi.slon b shown in 
^i)r^ The top pf the [UBtoa is known as the head. 
The Mdeti are known as the skiH. Th« nnf^ gmma 
are machined around the body nf iIk; pirthin, 'Hie 
inelal between two grooves is ii (jnnwe iaii<L In order 
to obtnin niuximum eujiine lif(; tlu; pi'itiin tim-;!, lie 
able tu withstand high operatbi^ press iiTe:>i and 
u-mjH?raturi-s. The most cofumon pistbn material is 
cast iron or utuminum alloy. Ca.><l iron j^ivcs longer 
KTe wilh littlft wftar, it cuel In- lilli-d lu closer clear^ 
SDoeft and it distorts less th HO jj|uiniiiuin.Theadvfim- 

togwa fif almmmimi awtt il-i Light weight audits faS^MT 
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hieat ooWdufctivily. The piston and ring assembly 
must form as nearly a perfect ^as-ti|jhl snnl with the 
cyliriHcr ivall as possible. It must slide aUms the 
cyliiKlftr wa]] witii very little Irk lion. All of the 
piston asseinblies musi w«^^ ■yiitliin J.-^ ouiioe of 
other ia order tohavd^iiMtee^h-riJiiiiirig engilidi 
(1) Piston $pe$eL Some conception of tlie impor- 
tance of lightness in a piston may be gained by 
TOitsidei iiiK the action of a piston w hen the enj^ine is 
ill OfMiratioii. For exampie, a piston in an engine 



operating at 2,000 rpm will stop and start 4,000 times 
ill 1 mrnute. Mokovct, if this pistcu has a 6-iiicli 
fHi^ke, it 'will reach maximum vdocity of more than 
B5 mph after each start. It is obvious that the piston 
miml be Ught as p[>s.Htble to keep tho inertia lorces 
and vibration to a (niiumum. 

(2) Piston pressure and ianperatare. The pr^tire 
against the piston during c^ieratioa will be m high 
as 500 pounds per square inch and iJie t^peFatnre 
inside of the cylinder will reach 4,000° F. Aluminum 
alloy is usually usetl for pistons hecause it is light 
and strong and because it conducts heat away 
rapidly. The licat. in .-i pislon is transiiiiilnl In llic 
Cylinder wall ihroiif^li [lie outside of the piston imd 
to the engine oil in thi.', crenkcase through ribs or 
Dptkea on the. inside of tho piston head> Spikes offer 
fliisrt ia*ett^^ 6^ tliu lieat<e«eiC^^ but fins 
increase the str6njgA>lsi p£ tJb^. ^^^ti^ asA 
generally used. ■ 

{Z) Piston and cy{inder-n'<4l ckamure. Piston liiiga 
are ased as seiils tu present, the loss (jf ga.sea between 
the pinion and cylinder wall during a1) strokes. (See 
fig. 1.) If tlif} piston itself were large enough to form 
a gas-tight seal with the cylinder wall, the friction 
bet^yeea the piatoja and cylinder wall wpuM lie eatf 
ceedve. Thi^fisn, the piston b miuli^ sevefjal 
thousandths of an inch ismaller than the cylinder and 
rings are installed in the grooves machined in the 
piston. These nng&Ac&aiae^ «ndp«3^t'^^^ 
fi't>m, escaping. 

It. Types. Pistons differ as to thlE^l^rpeof head 
used. The head may be flat, recessed, cup^aped, 
dcm^-shaped, or truncated-cone. (See fig. 29.) ^ch 
type ia siupposed to hav;^ soine adivaittagesover the 
others, Howe^^, jjiqi(t isiM^ Hieeoufiactnrers are 
using a pkin ^ h^ddc^^^^^ 
posisibls. 
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21. PISTON RINGS. Piston iin«8 are bands of 
carefully machined, high-grade cast iron. They are 
used to seal the opening (clearance) between the 
pkton and the cylinder wall Thf.y are .'iplit so that 
they may be slipp*}d over the niit-ijde nl tho piston 
and into the ring grooves which are machined oti the 
cirtiu inference of the pistons. AMien they are fitted in 
the cyhnder, they must exert equal presf;:ure at all 
points on the cj Under wall. They must also fit the 
cylinder wall perfectly to provide a gas-tight fit In 
addition to the foregoing, the rings must also mejte a 
(jas-ti^'tii (ji afjainst the sides of the groove. Although 
many ni;il(Ti;i]s hfiv.e been msed in making piston 
rinf^s, (rasl itun is most ^^ciieraliy used. In some cases 
chrome-plated cast-irou |tiston rin^ are used in the 



top ring groove only because -Uiey are better able to 
withstand high temperatures, form a oood wearing 
surface, and rctEJiTi a ^Tt^aicr amounj^ tv thfirOdigh^ 
elasticity after coiisidci iiblc use. 

a. Typ4's of pii^ton riitgs. Piston rings may be of 
the same thickDess all the way around or they may 
vary in thicknesis. Those generally used in aircraft 
engines are of the same thickness. The two types erf 
piston rin^ used in an intemal<«ombu&ti(m eagine 
are compteseion rings and oil rings. 

(1) Compression rings. The principal function of 
the comprassion ring is to prevent fcases from leaking 
past the piston during eiifiine operalinn. These rinj,'3 
are placed in the ring grooves just below the piston 
head. The number of compression rin^ used on a 



jiMOD b QMoifled by tbe dedgnar, MltliQue^ lJu«e 
an foand on most ajirci9lt-«agkie pistons. TImmi 

rings iitiiy liave any of the thrco cross secUons 
deticrilM tl in piM iigraph 2lb. A eompressbn ring may 
have a straight bearing edge, or a slij^litly liii^ered 
edgp fur bearing ajiaiiiit the cylinder wail. The 
taper«d edge hastens the sealing of newria|t <g<lmt 
IJk hardened cylinder-wail iiurface. 

(2) Oil ringf. The principal purpose of tllla type 
of ring is til ( "ntrd i\w aiHoiiiit at lubricantfuppued 
tqlh^cyliiidtT walls and to kfqj ihi^oil troni passinjic 
inlo the combustion chamber. Two nf <>i1 

rhifpi — oil-oonlridi riags and oil-wiper riTijjs -hp^ 
ijwfsd, Oil-oonttol rin^ occupy th* tint^ pnmvfrt jui^l 
betow ih« conipre&aiuu riojis. The jiumln-i' of nil- 
coutrol ringi varied ttom one to three fur eiicti piston. 
IflM thickness of the oil film on the c^liader waU is 
«ontniiUed by these rings. If oil in. exoewve amounts 
is allowed tu cutter the condmiitiaa chamtx^r. it will 
bum and jjntssibly leave a thick coatbifc t>f carlKm 
over the 1 list t HI, head, iomlmstion-chamljer wolls. 
Bud valve heads. This c?irbon oondilioii^ rnay also 
nnlt in Ktieking valves and ^slon rings if it entm 
Ibl vdve guides and nneptiovfla. It ma^ abocavw 
pndgidlioiii detonaticHit and iiuaeaBed oil consump- 
tion. Holes an usually drilled thKHi«h the baaa of 
the KTOovea of the oil control rings or in the lands 
w\\ (l> (best; {j;r(>()ves to alhm tho surplus oi] to 
rfliirii ciisily \o the crankcafi*? or si imp. To jirRvent 
oil iniiM MH'jHii^; into the cyliii<isTs whr.n ibi; engine 
is uut operalingi pistons in iiiv«Ttt.-d cylinders 
may be manidtactiued ivithout these ho1«a. Oa some 
iMius, oil ringtt graifially cabled the oil-wiper or 
fliHoraper rinp, are instaDad on tli« skirta cl the 
pittoaa. These rings regulate the amount of dl 
pfwsinjr b«twe«n the pistes skirts and the cyfinder 
wuSIs iltirifili eath piston struke, Th4*> urc usually 
l>p%e|pd in crtsss section. The iH-vcled cdf;** niay l>e 
iiisUilied in either of two ptjsitions. When in^ialle<i 
with the beveled edge nearest, the i)iston bend, tlip 
ling acnrapes oil toward the crankcase. Whf'ii instnllpd 
in reverse (bciveknl edge a«ay &om ti^^aulifm head) 
tba Tiog acts as a pump to mdntain kw^'tli «9 be- 
tween the pi.>it(iii and cylinder wall. 

b, [■ittt»n-riii(rcroB»sectioni#. The erosa aeclion 
of uistun rinys used ifl an airt rafl enfriiie mil vary 
with, the type of engine and the manufaotwcw'a 
^ped&cttloits, Gffltacaliy a narrow-surraMd tbw is 
pMlbcable to a wide one becaiiie of its bettiff seaunf 
ebaraeterislics. By usbj^ sev«^ narrow rings in 
plai'f iif fewer wide ones, more rnritai t area is pro- 
vided iM'tvvit'ii the ring lauds and the riiip^. To 
fmn liati ill itHHicrn bijjh-performarnc ciik-lm -^, f>J-i<'ii 
riujitt, especiaily the top<»ies, niu>l Iw niii-trm ii ii 
ruggedly as poulbk. Some rings urc niitrki-d to in- 
dioate tlbo! pnigfHp potitioad of insiaUatiun. t i^iii^ 3U 
®, <D, iM® ii^bm^^ types of cross sectiona 
found iu the manufacture of compresskui rings; 
figure '51 0, and @ are examples of Cross sectjons 
fcHiiid iiMtii-i'o]i1 rnl riiif,'s. 

(I) tUrhingufar croiis nedim. Thewirly i>ist((u riisj; 
was (,'cnc rally rectangular in croiw stH iioEi, (See 
fig. iU) Qj^ Tl» pwtlculRf advantage of this type Uea 
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(2f) Tapered-e^ types. The tape(red^ or bevded^ 
edge ring (fig. 30 ®) is the most eonunonly psed typ^ 
The tapcred-edge bearuig against the f^butoc 'Km 
hastens the seating ofliaw ri ll ff J^i ailllfr lplj^^ 
hardened surfEice, 

(i) \\ fifiji'-tvfir ini.-i.i nfrliori. Wetiyp-shafx- d ringi 
(fig. 30 ii) are htted lo beveled-edge grooves so seu* 
cleaning, sUdiijg action will ^evenl ring^o^roova 
Etickiog- These rioga are installed as (nmprorioD 
rings, auxia oompression rings openfe at the higbeat 
taupoalure, get the least lubrication, and thttefore 
have the greatest tendency to stick . The bevded-ed{^ 
grooves on the pisUiu also leave stronger rin;,' lands. 

(4) Venliiatea type. Tin" oil-rontrtfl rinp; miiy In- 
of the vraililutfd l"> pt^. 'I bti I wu piei e vetitilal*'d l> pp 
is probably the form inont ol'len used. The ventilated 
piston ring is doi^ned with a number of equally 
spaced ^ots arouna the entire cin^umference of tha 
ili^. These slots aOow tb« oil to drain tbEtm^ to t^ 
hdes iti the gt««v« and imp ^ ^mvUmi^. 
(See lis;. 31CD0 . ^ 

(5) Oil u ifxr. The oil-w iper type (also called tb» 
scraper or bevel rin^') is (Jienerally used in the bottom 
grooves of the pLslun. 1 1 ii placed ( bat it wipeafllB 
oil toward the crankshaft, itiee lig. SI ®.) 

(b) L mjba^tdtype. On several radiid-type en- 
prtftft the oil-^wvw nngs on the upper cylinders are 
laned toward tbediMM or head uf the [>islon to help 
carry mora <dl to lira top rings. With this method of 
assembly the dl rinjfs located above the top ring 
serveasoil wSper i iiij/s. In mi iiistallalitm of Ihistype, 
the oil-cdtiiiol rin^aou the lower cylinders are usually 
fated toward tlM omdEshafe to p««p^ 0y«r'<ri^ 
(JSee lig. 'Al ®.) 

ciypcH of pisloo-Hngjointa. Piston nngs are 
ndit to pennit tbem to be olipped over the head of 
l£e peton. Tba tp&t w coautKHiJy called a piston- 
ring joint and may be any one of many differ^t 
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4) ® # 



diapes. Tlim RnpetQ» to be iKi parikito 
of one duipe of jmnt over anoitajer. Whm a ring is 
installed in a cylinder, there should be a specilied gap 
ctearance between the joint ends. Tliis pap allows for 
expaniiiun duriikg engine operation. hen a piston 
is inslalled in a cylinder, the jutntji uf tlie rinj^ must 
be Btaggend aniimd the piston to reduce blowby. 
Tbe1^re»inwt «oiiauiEint]^es of joints usfidfire: the 
atvaiditFcat or butt joist, the ao^ joutf^ and the 
•t«p Joint. (Sea %. 32.) 
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Fiftir-f SS, Typet af ptston-rinf joint*. 

(1) Siioight-cui or buit joint, la tim VjFfS qf joiiity 
the en4a « the ring are cut at i^0it-mgkti.m10»ii' 
pvaUel edges of the piston riog. 

(2) Step jo iriL This type is known fay tfafe iMMHMh 

datiire bwause the juiiit resembles a step. It is used 
letw fn'qiHMitly bct ause it is more difficult and oxpeti- 
five U> ruiLiiiifiicrlurr. 

(3) AngkjoinL This type la so named because the 
ipt Dooun «t an la the edgil at the 

22, PISTON PINS Ar*D KNUCKLE PIH8. The 
pistooiB attacfaed to the (%nmectiiwn>d by mmtinti 
a pbtoa ^n, GometinieB called a wrist pin." The 
kmirkte pin h usnd to attadi an arttcitiatinK rod to 
a mabter rod. In constroction, these two pint; are 
very much alike. 

a> PietAn pins. The piston pin is locatetl in the 
litloii boesicii as shown in figure 33. The pins are 
Bkade of atael — hollowed for lightueea aod autfaoe 
tufdnadl to neirt wear. The piston - ptatbotaM ailidf 
sane metal as the pbton. When the platoa b 
made of an aluminum atloy, the baizes may or may 
not liave bushing's of i^umc noiifrrrons riiclal skirli aa 
bron/c. The ptKton pin passes through the bo!ii>es and 
the lit lie t:i\d of the connecting: rod wMch rfdea OB iJke 
central part of the pin, I'istoii pins arc generally 
da^aed as slalioii^y, semifloating, or ful)-noaling 
type. A. rigid type is faateud eoaittiy in the boas 
by iDMiis of a aet screw aiid k Qot flTM to 
any dirrrlion> The semifloatiiig pistoa pin is held 
8e4run*ly by means of a clamp screw in the end of the 
eonnecliii); rixl and a half islut in ihr pin, Tlir> piston 
ptna used ia airtxaft engines are of the full-floiiiing 
type, thai fit 11>C¥ ai« &ee to turn or srlide in both the 
T^Am and cormecUng rod. Ccratact between the 
pbton pin and tbe cylinder waQ It prevented tif 

iDetal plugs. 

(1) Circlrh. riirileU or rfrrlijw, as nhnwn in figure 
34, are aLnitj^t coRiplcl^e circLe^ of Kpriu^ utml wliich 
fit into grooves at the outside end of eaon piston boss. 
They perfonn the same fmiction as the spring rin^ 

(S) Spring rings, A sprinp ring, as shown in figure 
H, iiaii«BiileMdKsdar«(xu oCqpriDgatad wh^ 




f'is)tiire SS. Piitijit ftin iti jiininn-pin tosj. 



the circular prfrnvea cut into the outside end of each 
pi^n tnKis and prevents the movement of llie ]>iii 
against the c^lioiier waU. These rings are also known 
AA sarter-sprntg Ifetainars. 

(Si Nw^oTout metal jpht^t. HonfemnB plitgti 
Qsnally almrnnum alloy (ug. Z^), am inserted into the 
open ends of a hollf)* piston pin to prevent the stw! 
pin from l}eariiij,' auainst the cylinder wall. Piston- 
pin bos&ps frpi|iiciilh int'orpmrate drilled holes 
through them Uy aid in supplytdig lufadfani to the 
piston-pin bearing '^^MAcmwtoe^iSatm w^imm m 
not pressure luhricntc^l. 

b. Knuckle pJci». These are the hinge pinB by 
which tbe artieiuated or Unk rods tire fastened to the 
big end of the master rod. (See fif?. 35,) They are 
aurface hard<-n(id to rrthire wrnr and am hollow f ii 
make thera lijiht and lo provide a pa-s-viagi^ for (hf! 
lubricating oil. 

(1) hiiufkle-pinbore. The knurklc-pin bore of each 
eteel articulated connecting rod incorporates a buab- 
iag of nonferroua ^miBg m^al, usually ifOnaa. 
These bushings aii Mail^ ilim fnaM» 
or spun into slefie^ ^ 

(2) Knuckle-pin inttaUalion. Knuckle pins may 
be retained and previ^nled from turning in the mastpr 
rod by a tight pn^ss lit or tlwy may I* installed with 
a fit. In rKJlh ('a,s('.s a lork plate on each side 
bears against the pin and keeps ii from muvlug 
laterally. (See fig. S)5.) If the pin ia installed with a 
loose fit, it can turn in the master-rod flange holea as 
well as in the articulated-rod bushings. Knuckle pins 
instaUsdiatttiaimannar am kni^wnt^ tJ»efidi-j^^ 
typft 

23. CYLINDERS. The oyUnda of an inteimlHsaai' 
bmtion en^oe k lluft part wbich the iwwit for 
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TCtating the crankshaft is developed. The iiunU rn wliidi ihebumirifr iiml rxiiansint! nf ^asrs tnto plnce) 

cyliiidej asssembly cousisU of a cylindrical slrcl and tu house tlie pi'itim and cysuicctiiig rtKl. Toffo1.her 

bariul, tapped at one msd^ UfludOy by an aluminum- with the (-rankcase il forms the power or main section 

Alloy htaiL T\m ptimm nnimpe» fif. tim. ^ ^ mgm^ Tbe two m^or nam of the tijf^§m 

aasmiUy an to pruvi(iv1t;«eniliaoil ^dlKpi saaembly we the ImmI and llwlwRii^ m^Mpi 
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aiitl tfMistriK 1 inn of th«j assembly, many facUn ^ must 
be coiisklerfsd. 'i'he unit must be slrotif^ in order to 
withstand the internal pressures created during en- 
gine operation ; it must be constmcted of light-wei^t 
metal to reduoe^ tbie total (inline weight \ it muei pro- 
vide adequate keat^onducFUiig properties fof ef&^e^t 
cooUng; and it must coxdEoi^ wIJlhq^^ 
facturing requurcmenfa, 

a. Cjiinder head. The head may be produced 
Mllgly for each ryljnder in the air-crmled engine, or 
eaetm-block (all uylindiT lieuds in <nie bl(u k) for an 
in-line engine. The cylinder h«ad is (;eiicrally made tjf 
aluminum alloy because alnmmum alloy is a gund 
conditcbor of heat and il* light weight reduces tAie 
over-ail engine weight. Cylinder beads aie fdr^^ 
djiM^ptt iCcT greats strength. The innef shape of a 
cymjaei' heaa may be ftat, semispherieal, or peaked 
in the I'orrrv of a luMisfr roof. (Sfe 116.) Thefleiiii* 
sphurictil shaped type has prtived risost satisfactory 
bmsaust! il. aids in a more rapid and tlioruu^'h scaveng- 
ing of the exhaust In each cyliMer one or two 



round openinj:s are pro\ided for the installation of 
one or two spark fihi<js. Aliimliitrni alloy is not hard 
enough to stirvo as a spai'k-phif; opening. Therftfore, 
bfonze, brass or sl<;cl bushing are shrunk anci 
BCiwed into the openings. Each busbing is piiuied in 
place by two braaa pins to imure farther the rigidity 
of the bu.shing. Bron;ze or sled valve bushings are 
usually shrunk or acrftw ed into drilled openings in tiie 
oyhndfir lic^ad to pro\i.d<; f-'tiidtrs for the valve slfRis. 
Thfv;fi are usually )ocat<.^d at anfjlfvs to the L-eiiterline 
of the cylinder. 

(1) AiT'Cooled cylinder heads. The cylindfir heads 
of modern air-cooled engines are sobjeeried to extrmie 
jt^m^P^Wreft^ arid it is ^erefo^ necessary to provide 
l^^tm^ fb area and to emnloy nftetab which con- 
duct heat rapidly. Cylinder ueads of air-cooled ^ 
gines are osually cast or forjzed singly. Aluminum 
alloy is used in llic rnnstruction foi' n ilnrrlher of 
reasons. It is well adapted IVir tusling ttr niiieliiniiig 
deep, closely spaced (ins and is more resist ant ttian 
other uietals to tJbe cori^v<^ alLack of tetraetiiifL 





contained in gasoline. Tlic prealf^i trn|irnvf meiU in 
air ccHjIing resulted fTtim rf^dticiriL- iSi- tf si ktieis of 
the fins aiid increa^in;: tlieir drpih. In tliis vtay ihe 
fin ai«a was. Increased fmniapproxinialclji 600 square 
indies to more tiiaa 2,500 Mniareincbw per cylinder. 
CooHn^ flna taper from 4/100 inch at the baae to 
6/lftO inch at the tip n id. [Ifcfiiwc of llie difTerence 
in temperature in tin- ^ii inns ^t-rt i<ms nl' Ihe cylinder 
head ii is nfci'ssttry In |Jro^ idc niorr r<M>linp-Gii area 
on stiitii! sf'i-iiiiiis lliaii nn ulh*^rs. Vhe vxhaust valve 
region is I ho hot I cist pari of the internal surface; 
tbenfore, an thovm in ikuxa 1, loore fin Qop^ is 



head is ciist or forfifd in nii(^ piece to ui cniniiKxIalR a 
bank of cylinders. Thf iiK'tsil is i)luMiii.iLint alloy, 
intraeoiiiiet-ted pas^iaues are provided tu permit the 
flow of c(^)ulant liquid. Ctnnpacloess, a more rigid 
consiructiun, 1^ ooot^ and simplidty of assembly at 
overhaul are odvairiitigw of tba in-block cylinder 
liead over the individual cyliiuter head. The in-Uock 
cylinder head also shnplidee the enclosure of the 
val¥6-ti|>*'r;iliiii,' mprli;iius.in. 

b. f\!in<h'r barrrls. The ryUndPr harrel IS 

pienerally <A' ii s^tei !-ii|[i^y forcing, '1 lie i r surface 

19 hardened tu resist bolter the ear of lh<^ piston and 
fuston rings which bear against it. The siee! used 
must hav« a high tensile atreit^ and nuirt he able 
to liitbstiaid mgh opeiatiDg loupenl^^ 



SO 



lostaiices, the barret is provided with tbiead^t at one 
mi {oQ the <mtaicl« diatoeter) for joiiuog it to tint. 

(1) Air-taeikA csUadtr barr^. Cooling fins are 
maeftteed <Mi the ou^de of the steel barrel. These 
fills sutwti [iriTnari]} to oooduct the pxi r>s.s heat from 
the cylinder, hut ihey abo serve tu -sirt'iigthen and 
increase the rigidity of the barrel. Stmie dtsiffus cm- 
ploy plain stw barrela with tAmeky fiooed atumioum- 
tm$ ak«VM «r nndi& disaiiK in ite ef fhe 

<2) Liquid^'coded cylinder bamb, Tht CfUitAAr 
bftnd of a litfu id-cooled engine is BraaetimeB called 
a liner This barrel is made of steel which is iJ^at^ 
oji (he iii'iulc, to (live it l)(?tt*'r wojiniip qusililiff^. The 
barrels are shrurikTii into the cylintlpr htmth and are 
relaiiii«d in this position by studs and bulls. 

tr. Joining the cylinder Imd and f^llnder 
barrel. Thi«e methods an iMdllft|glrfi|§{^^ 
bufelft to cylinder heads. 

(1) Threaded /m'nf. The eyEuder bead b firat 
hnnlrvj while the cylinder barrel is retained at room 
icinpi-riiturn or chilled. The two parts are then 
jtiiiifti In siTPM iTig the cylinder barrel intti the cylin- 
der l»-a(l iS™ fig, 1.) .\ joiiitijif^ {-omiMund iii Uised 
<Xn tlie threads to prevtiit compresision leak age. 

(2) Shrink fit. In this method, the cylinder barrel 
lua the head are joined whiJe the tiead ia hot 
jbopaading the oaet^ and the barrel is cbiUsd. No 
ttuefids are used. This pmvid«i ai pres^ure^UAbt 
Jioint between the two pEtrts. However, this rettium 
■ an added mcan» of hokting the two pert^s together 

and ( (Jni ciifionally *'n]|ilthys l<jiif; steel sdid l)i>l(ssel 
iti the (TMiikcasw:- Thpsu studs jHulrude Hbrnu^li holts 
in llic! rvliiider head and (hus prmide ;i means of 
rctaininj; the whole assembly to the crankcase. 
Clylindor barrels and head asaendilies that are joined 
by a ahriok-fit are not genraaUy a^Nvated at aniJM 
overhaot ilnce their aeparation is not necessary unless 
thc! biireel of tine asaraably is hadly m ed or v.i>ri\ 
beyond Kgcioding fimits. lii thiii ca^ the whole as- 



<3) Stud- and n ul-joinL tn this method, the cyjEin- 
der barrel and the bead af«kin«d by a numher of 
ahoit at««l studs and nnta. The otwli are placed cir- 
cularly around the cyUnder head and prouurle 
thrau^ the holes of a heavy sted flange on t hp hf-ad 
end of the b;jirrd, A mctal gasket is placed bchmen 
the head-ai;(l-lian«| joint surfaces to pcovide a 
pressure-tight joint. 

d. Methods of cooling. The intensity of heat 
fjViidaCNid in engineB has increaeed greatly as a result 
«|1^Tapd iDcreaM in slxe of cylinders, the volume 
iii0(lxgfi pasaiog throng them at high crankshaft 
qiie|tii(|8i» and the high ftttpaxduirger pressures. To pre- 
V'ttit tiouble that would be caused by an ejiccssive 
rise in cylinder lempeiu1jir«, it is necessary lo pro- 
vide some nipiins of (■jirninatiiig the una.sed part of 
the heat, The rombosl ion -chamber and cylindttv 
barrel walia are expused to considerably higher 
temperatures than that of the outside cooling 
medium ; tbwrfowiaatJlaiiAoittthjiiiwt^^ 
esttericr stufaoei. 

(1) Air cooting. Heat is transferred from the 
cylinder to the cooling' air by con d net ion throufih 
the metal walls and Vm.'i lo the tin surfaces. The 
Dns on the head arii c.f the same metal as the bead 
and are generally die-cast or forged as a part of the 
unit. Those on ihe steel barrel are usually of the 
same metal and machined from the ^same forgin? as 
the band, A plain steal cyiloder barrel whidk does 
not have steel fins may be co^ed by a doseiy fhined 
aluminum'aUoy sleeve or muff shrunk on the < m I side. 
This inereasfis the tranRmission of heat to tlie ct « jI i ng 
air. Tin: ont,sidc of an (lij-cniiled cylinder asseniMy is 
protc<.:ted ajjajMsl currusion by a cuLiliiig of bsikcd. 
heal-resislinf,' hkirk eiianin) or a thin coating' of 
alumiuam applied by .spray in a molten state. The 
aluminum coating affords greater protection than the 
enamel agtaosl ibe gocronva action of salt air and 
salt-water ^Hty and has man nsistaiice to the 
blasting arlion of gritty particles in the cojjMul' ;iir 
tluw. iu some cases Uie two methods are comLintid 
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(2) Liquid-cooiing, The cyluider-beed. bktck of a 
fi^uM-ccKiled engine \& of cast or fofffed alupunwp 
aUO^ with intra~rt>i][iectf;d passages throu|^ which 
coolant liquid ilows. An aiunisnum-alloy jacket is 
placed around the steel cy!iiLd*;r buun'lfi in such a 
manner as to cause ibe oofibnl mi-fSiiiiu lo (rirenlate 
around the cylinder barrels, l hi:i rnolant filjsoil>A a 
Ivge percentage of the combusLion heat aud tratis- 
ooits it to a laoiator whidi in torn t& «xpo^ to the 
idistceain. 

24. VALVES, a, General, "i^lppllll^^^e^ll^on 
enghie requires ps-ssage-wa^ tb Mid OfM^fi|S into 
the combustion chani.luir, 'Hu'M! opeiiin^.'^i arfi called 
"porta." The main puipusi^ of the vjilvcs is to open 
and close these port"*. (Jne is ktit wn as llie "intake 
port." It allows entrance of tlie fuel -air ciiarge into 
the cylinder. The other is known as the "exhaust 
port" and provides an openiag through which burned 
gases are expeUed. Eafth cs>linder must hove at least 
one intake and one exhau.st valve. On some liquid- 
cooled crif^iiitsi of lugli-powpr oulpnt, two intake and 
two exhaiist val> efl are cinpi^jyed. Tht' s]iai»e and 
form of all valvfts is detemiinfd by llie design and 
Specificatjonii of a particular engiiit\ 

b. Poppet-type valve. The word "poppet" was 
deirived Jrom the popping action of the valve. Thll 
lype of valve is called a "mushroom" or ' 'tulip" type 
because of the geiieral resemblance of the valve heads 
to rbege objecU. (See fig. 37.) Intake-valve lifiad? 
iw<i ;j(!nerally tulip-shap**/) and cxhaust-vahe brads 
are usually mush room-shaped . ^';(l\e malerial nmsL 
■withstand high temperatures witbout corrosion. I'or 
intake valves, which operate at lower t(;in]jeraturfc3 
thm ejiwi?t'v*'lv«, chrome-nickel slcfil is generally 
tl^/^^iajllBt valves are usually made of silchrome^ 
idiehiii^iiiei or buigstea steel. Poppet valves are 
totgsd. in one piece from these especial steels. The 
stems .are surfare-hardened to resist vcar betlfif A 
iiardenfid -steel t ip is w cldf^d to the stem end to pro- 
vide rfKistani:e to llu; wisar nnd pttnnding to which 
it is Bubjucted. A mafhinod grfio\e loi ntud on the 
stem below the tip is fitted with a tap<^rod. split (two 
]Heqe) Jock hrpnze or &ted. After the v^lv^^^i^p; 
iradii^ jsdii^ifMl iato placei, the two^|)leeei^«|iilr^^»^ 




ring fits into the groove. |0jd;t^/j9|png tension keeps 
It in posiUon, Onmim-'^^^Mii/m^ Qust below the 
lock grooves) a narrow grmfi machined for the 
installation of safety circlets or pring rings for the 
purpase of preventing the vahcs from falling into 
theconihnstion chamhers at \ ;dve assnnibly and dis- 
ai^i^enibly", and during; ensriiie operation should the 
valve springs brftak. In some engines, two small ex- 
haus;t and two small intake valves per cylinder ara 
etnxri^^^ Thi/S leduoes t he over-all ahe of the valv^' 
i^^n^^t^^P^alil^^^ thereby reduces the operatrng. 
temperature 1^ the valves. The comply mechan^iii 
required to operate the valves of radial engines llmita 
the use of valves p^r cylicider to not more than two. 

(1) , Exhaust vali-es. An exhaust vah t; is manu- 
f alE^tii^ wit3i a hollow stem and head. As the valve 
does not rfeceive the cooling eitect of tlie fncl-air 
charge, it must be designed lo dis.sipate heat more 
rapidly. The boUow portion of the valve is |kartly 
lilted with either metallic sodium, a composition of 
sodium and nwreury, or a cheniica) -"iaU, Diiriog 
enirine operalion, this composition rarrite heat 
rapidly Irom the valve head to the valve f.|<;m. hVom 
here the heat is conducted to the valve guide and 
thence to the cylinder cooling fina, 

(2) /nfei vahes. The inlet or intake valve is 
generally oi the golid-stetm tjpe. With the increase 
of powear output the neoet^l^ of cooJing the inl^ 
valve has increased. An iftliet valve of the hollo# 
type i^i purtialty lillwl with one of the cooling agents 
rnentiynwi in porniiraph 2i\t(l). The main require^ 
ments of llw inlet vah arc: it must allow unrcsl i icl- 
ed passage of 1 lie maximum possible weight of fuel- 
ajT charge into the combustion chamber, its operattau 
must absorb the least possible horsepower, and it 
must help produce a hi^ port velocity, and a maxi- 
mum turbiilFuoe of the char^^wiGbitt^l^ iipliaiibc to 
hasten the Imrning of the mixture. 

c. Poppet-valve faces and srat^^. The valy«B 
operate at very high teiupiiratmei and ihe mating 
surfaces must resist the pfmnding and binniiiig to 
insure good contact between the vah e and the seat. 
It is impOTtant that a good seal i>c maintained 
Ipi^iii^ pressure leakage or blowing of the valve 
IfrtiSjifl Ifliter be followed by burning or warping. 

f 1 ) V(she facen. The angle of the vaive fat e may 
raiige between 30" and 4.^°, An angle nearer 30^ giv^ 
better fuel-air flow while angles nearer to 45* prov ide 
better seating. Because of the high temporal are of 
the nases that pass by the exhaust valve, it is quite 
jjupdrtent that the valve faoe be made of the bigh^ 
qu sdity steel. The valve faoe is coated (welded) vith 
a hard !ip:;t -resistance metal called "'Stellif*" tO pis^ 
vent rori'oding, pitting, and excessive wear. BecfiWs* 
S lei lite is very hard and cannot be cut with cutting 
tooia, it requires grinding for proper fitting. Slellite 
is almost totally re^tant to the elTect of hot gases. 

{2,} V^m^ The metal of the cylinder bead h 
not hard enough to withstand the constant hainin«r- 
ingpuHluced by the npi;iiin<i and closin^jof the valve. 
Therefore bronze and sl(sel \ al\ e seats are shrunk or 
MTKv, fd into the circular edge of the valve <)peiMiig3. 
The valve seat {&g. 38) is a circular ring of high- 
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Tlipbrorizr nr sli'cl iiiscrfs only rar lonpcr, hut. 
may alsu hv. ri-plaml if lliry bfrtniie so badly worQ 
Ih&t they no lotii;er ruuction ^HUMl ui^torily. Bronze ia 
peneraUy used for the mlet- valve opening and steel 
inserts faced trilh Stellite for the exhaust port3» At 
the time the cyluKier head iabttiaitaod fitted ODthA 
eylinda barrel, the valve seats are also dulled and 
slipped jnti) |ilar4>. The Blirint-nt \a\ut provUlra a 
mure intimale cmtAcl for tho vojiduLiion of heal 

25. V ALVE SPillNCS. Valvee art dosed bjrb^ol- 
coiled spriiiigs,. If a afiiog were used, H would 
vibrate or surge at certain speeds. To eliminate this 
itiflictilty, two w more wggmm {aaa inaide the other) 
ore installed on each valve, ^ieefif;. 3S.) Each sprinft 
is made itf rcnuid wire of a d ill pi-cnt diameter and tlie 
cniU ditler iti |>il<'h, I'.tit'h Kprinn will ^lir'ivfme 
vibrate at a dillVrt'iit engine speed and rapid diiunp- 
ing out of all spriii^-r^nr^e vibriilioiu diiHuj^ cij):iiie 
lomndian will result, The use ufluDormoFe springs 

as. VALVE-OPERATING MECHANISMS. For 

|DCteElial-r<»iidiiisl iijiL eii^iie lu opvj'iilf ]>rr>))erly, 
each valvf" nui>l hfliitMni tniipni ill propfr tiirie, 
atuy oijfii r>'i llif reqiiiml leiiuSb uf lime, and cUwe 
at ihe proper time. This timlug of the valves is coii- 



trolled by the valve-operatiiiK roecbanianL This 
lIMnhAniBni ahonld be nlmple ana ru^f^ed in construc- 
tion and shnuld prciv i(J(i sill iufdrtory wrmicr^in or loii^^ 
periods (jf liitiR with lit I U> cain iniiiiidMiaiite. The 
two t>jn\s lif V Jih r-i i[n'[ ;i,t in;.' niivhiiiiisiiis in jmif^ral 
use are Llit; t ) !"" ii^^fd un in-line ciigtiicij And tbet>'pe 
Ugod ojk radiul ni^iiu s. 

In-line uikI V-type engiiie valvo - apt Ua tiiig 
KMdianuin. The vuve nMcbaDim oooaitta of * 
finmlKr of rocker-arm asaanbties operated by a cam- 
riiaft eitfaer direclly or thmugh push toSa. In some 
eitjpnea which have tlin c-Mjnsh<m o!i the top of tlie 
c>' Under block, the shufl driven frnm thfi crank- 
shaft by bsvH jjpars ami ullmr tii^ *>s>'iarY shafts. (See 
fig. 34.) Other eii^'intsi itiay ii)cur|Kirutetfaecamabaft 
in the cylinder block, and use pii.sh rcxla i^'UpHMia 
ths roclwr-arm a^senibtifla. <See ftf^. 40.) 

CLyCnasliafU A camshaft ie a i>te«l rod with cams 
or taoM ttaduned at certain «p«eifiad pcmtioiv 
tts hsDgtti. A cam or lobe la tlk«ni«Ad portion on tbe 
Bhnft surf.'KT. The shufl erteods from otic t-Tid of -a. 
Oiiiidrr Uiihk 111 ilif! other and is pariillel lo tht; hmik 
of c> lijui' r>. One camilmfl ti generally u.snd for the 
operation of all inlet and exhaust valvmofcach bank. 
It t» BO located that, lien it turns, tha lubt^ operate 
thii Vjlvi! i ffl BCilia ni g m . As the can^Jwft «>t«tw wwi » 
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raised, qpenliiA Ihe port in the cyHnder, aa shown In 

{igure 41. Aa the camshaft. I inura il<j roiaiiii!i, tlie 
cam loLe move!* away from tho valve mct'hatiisni, 
allow-ill^ liir va1vi> spring force the VOlve «tOM4 
This dcjscB the iwrt in the cylhider, 

(2) Push rods. On some txMw of fMjrtin-H Uhini! 
ovfifhead vsdves the camshaft m installfd in the 
moAMtL Finh rods an incorporated on these 
et^aea to txungoalttbe ca«adia[t aidiw to 
aaattnbly. Push loda are mually made of altuulniEtn- 
alloy tubing;, ^tccl rod, or seamlesa-steel tubing. 

f3) ltocker-<irm assembUm. The velve-actuatm^ 
rocker iLsed oo some in-line inid V-t\[jc eiitfiiiw is 
coTiatructed ilh a stationary piv i>t nl one end of tliR 
rocker lever. The camshaft lH"[tns on the cpiiter and 
the assembly on the olher end of the lever i^an on 
the valv« stem. A typical arnnigemost of tlil» kind 
is shown in figure 42 {j}, The^vot end [trovidea aa 
oil passage to the assembly. The valvo-«tem eod vi 
the rock€r lever la provided with a screw-type ad- 
justing tappet for the proper adjiiKlmcnt of valve 
clearajicf. fii ftomc airrraft ^iitnin'-i nn'kiT Icvrr 
intorporalcH a jjSaiii. roller or l«*ll luMrin).' in^ar the 
tfoter and pivots from that tKiiirl. (Simi fij;, 12 ::.) 
Uoe end of the rocker lever bears uii the cunuiliaft and 
receives the 'valve-operating force. The other end 
bears on tlut valve stem and Inuumita the camshaft 
nKwement to the valve. The camshaft end of the 
POciOT-lever will generally be equipped with a roller. 
The valve end of the rocker arm incorporatea an 
adjusting srrnw i(> permit the setting and adjust tin-i it 
of valve ciearaiiteH, Many variations aa to mA- and 
shape of rorker arm lnvcrs can tie found. In ciiip 
V-type eo^e a xock^x-arm lever is forked to otierate 





b, RaiJial-engine valvts- operating mechanism. 
The vaJve mechanism of a radial engine is operated: 
by one or two cam plates or rings, depeodioir upon 
the number of rows of cyimdei^. la a, fiiiiu^^it^ 
radial engine, one plaie c» ling a ^ioo^i^l!^ 
track Is uiw4> Qoia track operates the intake valves 
and the «£K(9' the esKfaausti valvea^ The mechanism 
also inducle.'; the tappet a^£ieitil^^e8t pvaliTQ^ tio^ 
rocker-arm assemblies 

(1) Cam ring or cam plate. A cnin rl ng or cam plaM 
is used in a radial engine for Ihti smm purpose af^ a 
eainsbaft is used in a V-type Or in-Uue engine. The 
cam zing is a drcular pieoo.Qf steel -with a eeriea of. 
cams or lobes on the outef BO^Eice. Tiie surface of 

lobes and the spares between them (on which 
tJiet aiii rnHej-s ride) h know n as the cam track. (See 
fig. 4:^.) Tlie inner siJrfate of the cam ring rides on a 
brun/e healing wliich iij securely fast«npd to the 
crankcase. A set of gear teeth on one side uf the cam 
Tvag providea the means :Cor rotating it. As the cam 
riiig revolves, the raised portions or iobea cause the: 
cam roller 1^ ieise the tappet iu the tappet guide, 
thereby tran^aoiHijiig the force through the pu^ rod 
and rocker arm to ojpen the vah e. (Sf-e hg. 1^1.) 

(2) Tappet asstmbhes. A val\ft tuppt't assi^mbly 
coHslsIs d!' a stujr! steel ro*! (railed a tappet) inflosed 
in a tube cEjlled a tap|>et jriiide. (See fig- 4t,) At one 
end of the tap[x^t is moimled a liardened-steei rnller 
^hich rides on a cam track. This roller is made of 
lleel and is attat^ied to the tappet which slides up 
apd down in the tappet guide. At the other end <n 
the tappet a hardened steel recess is found. This 
re{'(^ss aw{Hnin(xiu{(«s Ihft ball end of a push rod, A 
hole di illed thnniLfh the tappet to allow engine oil 
to iloNv to thebc>i|[>^\ pu^itrooaiJi^Qitiw txilnbiieate 
the rocker assemblies. 




Ftgare iS. Cam ptaff and cum ring. 
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C^) Zero-lash hydmalie-vafve iifter. A i k it fn^ r method 
of tj^aiisnuttiug the force lo operate llie valves era- 
pl^^jt dcduinx) of oil which Js c^jnfhied betwEM^n the 
tarn Mltmw mad a pluu^r. (Seie fig. 45.) When th? 
cam fqllower h pusEed upward, the cdumn of con- 
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Pi^wv Hinlraiiiie volr^^^tmy mtfcftfftHfm. 

fined Oil pushes the plunger upward. As the plungw 
bears against the vtilvc stftni, tlte valve will be maved 
up ward agait^l the spring. A very email leak is 
allowed to exist in a svstpra this type to com- 
pensate for temperature expansion. This Blight losa 
VA constantly being r«p1ac4d by the engiiie-oiluig 
a^yatieai. No yalv&dearance adjustnifiiiits are necos- 
mpf ^sp^ system at nMjcr 

iow-output engines. 

(4) Pusft tqq;&. a push rod is used to transmit ttiR 
lifting force from the valve tappet to the r(X'k«r arm. 
It is tubular in form and is made of either aluminum 
alloy or seamless steel. A hardened-steel ball is 
(tre^ed over or into each end of the tube. One ball 
end fits into the socliat of a tappet and the oth«r into 
t)i0 eodiut a rocker sum. In some instances 
balla ai#,igia: |fai6 te^|>et aM hm^^ arm and tJift 
sockets a^ ofii the p^ rbd. The tubular form is 
empJoyed because of its lightness and strength. It 
permits the engine lubricating oil under pressure or 
gravity feed to pass through the hollow nxt and the 
drilled ball ends to lubricate the hall ends, rocker- 
arm bearing aiid Ydve-sti»ii^wlev This ctrculatiag; 
oil flow greatly reduces vSve^mechanism wear, 
frequent cheicjmig of the valve dearanctH has been 
pcactically eliauneited m engines u^ng autoimatio 
yalve-gear lubrication. The length of each push lod 
is determined by the distance between the tappet 
and the rocker ann sockets. Each push rod is in' 



<ioa«d li^j^idn an aluminnm-alby tidbei. i!be tube oc 
housing provides a passage through which the lubri- 
cating oil returns to the crankcase. ft also protects 
pugh md from daAiag^ and prevents dirt from 
^i^muag in contact with the valvoKipravting me* 

(5) ffpcfeMwm a$9m(jws. Rocker arms or leveifl 
are mechanical devices for transmitting the lifting 
force from the cams to the valves. (See fig. 41.) 
Boclifir-!irm assemb!i<M are made of steel and arc 
supported by a plain, roller, or ball bearing which 
serves hs a pivot. Generally one end of the arm bears 
agaiiist tJtia push rod and tb^ other ego. tbc) y edye 
stescu One ood of the r^siQls^iUMl^ aK^^^ 
t;o accommodate a st*ei njW, The oppodlfe end may 
be constructed with eitiier a threaded split clamp and 
lockJiif; bolt (sec fig. 46®) or a tapped hole (.see 
fig. 4ft®). Adjustments of vaJve clearances are made 
at this point. AfM;r tlie cicai'ance has been adjusted, 
the locking bolt (or the lock uut) locks the adjusting 
issi^'^ that the proper clearance will be retEuaei£ 
CNi aaane engines, the adjusting ball socket is g^o^ 
aBy drilted to provide a passage for luhricetiugol)L 

27. VAIVE-TIMING DEVICES. Variations in 
valve liming will vary the power delEvered at a given 
speed. To obtain the beat performance at high speeds 
means a sacrifice at low speeds and vice versa. A 
compromise must be made to obtain the d^ir»d 
iSidts. The valve timii^ on prattically all modem 
engines is arrar^ed in sucn a manner that it is almost 
impossible for it to change once the mecbanism is 
peppHJij^ connect f)d. However, there are some valve 
nf^diioisa^ tiiat arc driven by certain types of 
dri\ OS in whidi the timing may change enough to 
cause eventual engine failure. In a few instances, the 




f tftirc JS, Rocket -^Tm. taiee-ckarance adjusHng-scfeut locks. 
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ooopliog devkes havo bteanub djacomiectod aod 
gained malfoDction <tf tin valvn. In onlCT to j[Hn^ 
far east of valve-timing operation, fltich special took 
as the top-center indicator aod the timing disk sue 
used. The top-cealer imiU-atur is n UnA used to deler- 
mine the top^^ead (, niU*'r po^iliui) yf a piston io a 
cylinder, The timing disk is a device wbicb measurca 



for tinuQS the valvea ijt1i»MBs^B»^ Tbwe toob an* 
abo osed in ignitani ^iiine; Simra 

justine valve timing rollow. 

B. Vernier coupliitg. One particular model of 
V-type Mii|.;iiic i [leorporalRS a gear-otfupling vernier. 
Tlie t,'f Lir M lik-h is bulleid to the ramslmft hy Qieaiw 
of 7 bolt^, has 36 teeth, (Seo fig. 47.) Sim e there are 
360** ilk iint dicumfiBraioa ol the pear and 36 teetb, 
. . .. ^ •pttAaad tke iqNM9ate< 
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twepti Ui!> ( (^ritprs of two adjacent holt IioIom is 51.4° 
Tbo^fore, if the ge^r is removed and turned the 
ifistaws between two hiAi hvlta and vqfdaced, it will 
AO kngor meadi with the dnving gm. <3m fig. 4&) 
Hw <»iiBhafl will hBv« to be tinned 1.4° to aDmr 
the gears to mesh. This arrai^eineat wowides «a 
adjustment by mpam of which the vwvea Can be 
accurately limed, 'Hic number of ItHilh nn the gear 
and Ihf jnunljer o[ ln>\\ holeg cuuld of course be 
differeiu sn lung a.s thr iiurniif^r uf teetkiaiaotfVtdly' 
divkibic by I be number of botes. 

b. S pU iit^d d nvmhalt. On aotot enMnn the foam 
to drive the camshafts is transtnitted uom a driv^ 
ahafl in the aoceaaci^ eecUoa to ^h of two camshaft 
bevf! gf-ars by an inclined dnveshaff . (Pee Hg. 49.) 
Each of thtae inclined shafls has 19 eKlcnial spline* 
on <mn fTid and 21 im ( be olber end. The spiins at 
the trjwer end of tho Im liiied shaft mpsh with the 
interna) splines of a bcvr! (jear. 'I'he t^plini?!! al the 
upper end of theincHited shaft meah with the internal 
i^&ue gf another bev el gear that drives tlM camabafl 
gear. The tuwveniiuinbw of ^pluieepennita a vcnte 
•djostroent of tbe valve llmiag. Wbeii the vahee am 
timed, the apedfted jitAm must be on its proper 
Btroke (see Technicar Orders). In olher woros, the 
craiikshafi mnsl he in a particular position. This 
posilion is uauaUy indicated by markings on tha 
. - TbMiiMildap 1M|F Im 



seen by looking lhrouf:h the itis|t«lH>n hule Ini ainl 
in the fmnl- (rn>>;e- ) sett urn housiii^j. Before timing 
the valves, a lb rust cap mmt Jiisi removed from 
tJius ufpiper eud of the spliu&d driv e-shaft bearhig re- 
tainer. This permits the lifting of the shaft. Wheal 
Ihr; iiicltjipcl drive shaft is lifted, tlie upper bevel 
pitiidn ifiiiuiiiis ni('sh<!ci vi\\h llio. <^<^ut on the cam- 
shtifU imt <nit of m(?.-ih with the lowt'i-iilnioii ihivi^ 
'iliis allows the Camilla ft to bi; r*>Uiti'd iiitlc- 
j)*!ii<l('ii[[> lit' the rranJtshaft. The cainsliid'l cliii Uipii 
he j)ia( (^d in tin; proper position. Tlie iin-liued sliaft is 
Ihiin iy«<;rt:d, pt'riiiittiiiij the splines of the iahaft to 
mesh with tlie iuternal spluies of the hevet-pinion 
gear. If the splines do riot mesh, the shaft is rotated 
unlil tlie prn[wr incsti is s(N'iii-<hI. Al times, slight 
iiiovf?rin;ii1, of I ho i tmi 'shi.ift h peniiil l I'd, usutjlly 
within El l<>lrru[ire ul I', 'I'lio sutnr. ij[i(ir;i[ ioii is jx;r- 
fprined iu Liiuiug Um? valvt^s of the oilier baiik. 

o. Dixect gearin ^, The v ^ 1 \ e-opera Ling medum^ 
ism of some oppot^-cylindef eugines iucoiporates a 
i«eker-arm as5«nibly, pui>h rods, and a camshaft 
driven dhertly through a set of pears. (See fig, 50.) 
Tlie tEiiiisliulL i;i located within the crankt a^Ap Ikilh- 
iii^. This tApe of tunisliafL itiei hiiiii.sm oix'ratte on 
the same [irinciplc as the uveilioud tanisshaft pre- 
viously de-siTihe(L The, only dilf<Tenee is tiial pii'^ii 
rods arc u^ed to tratt^inil the aclioju of the cam lube 
to the rocker-arin ai^semhly. The cameliaft is con- 
nected to the crankshaft hy a arrangement that 
causes the icamshaft to rotate one-^half as t&st as the 
CmnkshLifl . I)iiriii<i eiiijiiift assemhlv the cani shaft 
ia instjiilnd in ils proper location. '1 iie. rrankshaft 
i:jijn-dj'h« ^Ciir is niarkal with cenl sT-piiiit h iii;irks 
uii two adjEieeiit teeth. The runishafL j^ear is nimked 
with one center-punch intn k un one tooth. This tooth 
IS me$hed between tha two marked teeth ou the 
pcaokshaft gear. When tlsesc gears are meshed 
^^piSyS % tbe. vmlm, titfn, vedv«a j?^Bisds 

dU Radi^iI-i'ii^Uu^ vaU I- tiinhip:. i h\ r[:!i>l riidinl- 
(ypeeugiiies jio ^^xtei'iuii rin'ins iire iLit'Orporal- 

ea topjfovido for val^e iiimnf,' after the engine hag 
been aseembJed. During the time of enfjhie assembly, 
after a major overhauT, the valve-tiinin^ op?ralion 
ispeEformed. The exact meshing of the marked teeth 
of^the cam ring and the marked tooth of the cam- 
dri\ e j;eEir must be fixed as designated in the Tech- 
nical UrJcr for tlic specific enjiine. The operation of 
the valve incfhunisiu is aceoniplishetl h\ tlio ciiin 
rin;; or i mn plate, lu BOine eiipues, tbe i'in^' or the 
litiji' s[Ji)|Hirted on a jooiual which is mounted 
ilinrLlv on tiiemain crankcase. In other eiipnes, the 
cam plate rides oji a bushing which i;i> niuinited 
directly on the ciaukshaft. The gear teeth may be on 
the inade or the outside of the cam ring. These teeth 
iiuitn with an iiiterme<!lafe cam-diive pini tn pear 
ini(.l runst's the earn ring (or platej to rotate at a 
frtu-lion <hf (Ik- eiEUiksh^ (^dei^fiDLCliD| l^p^ 

the umnber of lobes), 

28. IGNITION TIMING DEVICES. On nearly 
all of the pniseiit ain juft engines, dual liii;l)-ten- 
sion ignition is supplied. The high vo!l:jj;e iif-res- 
aary for jgntilion is produced by two separate 



enj,'ine-driv«[i hi^jli-tensitui niii^'tielos. Soriirs engines 
use two magnetos incorporated in one boushig. The 
ma^ieto js^ tamj94 to deCiv^ high voltage at certain 
specified intervals. Since this high voltage mttst 
reach each spark plug at the proper time, an arraTig^' 
ment is also provided for liniin^' i-iieh nuit:iioio to 
the entfina Tin; iiia<:nHo has a disi rihutor which 
din^rts the eircdir ciirn'iit io eiu h (if the cylinders 
in the proper Keijiienre (firing; urd*?j). Therefore, if 
the magrielo is pmperly tiinctJ fdr one cylinder, it 
will be properly timed for all cylinders. T\io ^'eneral 
methods of timing the magneto to I he engine are 
the vernier-ooupliug and jjulined-coupling method^ 
a. Vernier coupling. Aia^neto timing may be 
atvompliBhed by means of a imrd synthelic-rnbber 
coupling with f:ear teftth moldwl o)i each side of it. 
niete is one nior*^ tturth on one side tluut nn [Ik* 
other; therefore, turning the rubbftr plato one gear 
tooiii in relation to the two gears that mesh with 
il will ctiange the magt}e(Q Uming by th^ difi^K^Oif^Q 
in the size of the tei^ eau^ sid^^ 
idsbi. (gee % 51,) 




!i. Splined couiilin-z. (1) On snme types of 
en^'jnes, a .s]ilined ronpiin;: is used to <'oti!ieet the 
niagneh) clri^e shai'l !o the sjilined shaft protrmliiig 
from tlie magneto housing. Jicfore instahing the 
raapoeto, remove the breaker cover and align the 
step cut wi'Ui the marks on the gdge of the housing 
wiUi a straight eflgei (See fl^. 52.) Be certain that 
the position of the piston h as specified in the 
Teehniral Order for the partirtilar engine. Place the 
spliiicti ciiupliiif: oil llir t-nd of lln' ctri*e shaft and 
then attempt to mesh the splined end of the magneto 
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ehafl with the coupling. IF ihs nugiuto Atm aot 
drop into tbe coupling spliM within « tpad&ed 
tOMranoa, remove the magneto and try aDothcr 
vmll poailion « llh t he roupilnf , When.tha nuiipieto 
' li ntedwd irilhiii the proper toleraoce, pw eft ftd fts 
«9Wim1 in 0 (1> below. 




1^ ^i3U^^^^^^^Kii* 

^IliBFi lil^ flWiHf HroynelA CtfM prior la fMteffgfAw. 

{2K*fo'?<'rf /Tififl'ie/o jhitige, Thf imjiintinu flanjirfls 
of maf^tiHiKt ul'iliziii^ the spline<t-i-iiiip)iii^ jni'thixl 
IttO sloUcd (Se« 5^.) These slots utlnn nitaiiun 
of tlia magitGto huuaing (within the U-n^ih uf the 
tlote) and p^itui (^Q|g«r i^iistjn^ or engitie liming. 
When tbe noBgniieto « the corre<H position afl^r 
the epHned ooupliivf; ii^ con-fictly meehed, rotate tlie 
ffiBgDStO Jumatof ujiLil the oia{^«tO exaoU^f limed 




ta the en^'ine. The mtiiiiitinK UAu are ibeii tij|hiUgiBd 
to lxid the magneto iieciirely In i^Eice. 

39. BSTERNAL BLOWERS AIVD SUPER. 
CHARGERS. The ht^rsepower developed by am 
OEigme operating at a ^i^ en spe«d depends up<>n the 
<!wnpreiifiion ralru, the piston dLsplacement, and the 
volumetric efficiency of the eii|dite. The compressiini 
ratio and the piiitou displarenient are fixed and can^ 
not be changed on any given eiij^ine. The vuliiiaetilo 
effideocy Iwtrevw can be changed. The vaLinuettiQ 
ef&QK&Eicy & the ratio of tb« votome (at lacatBal 
atmospheric prmure and temperature) of the charge 
dravn into the cylinder to the piston displacement, 
[■'or example, if Ihn pishui fliiiplucfiiiipiil in n j,a\en 
r>liiKler is UK) l ubii; iiirln-s. hikI ( ut>io iiu lics of 
liifl-uir ii'iixtiirc^ is dmiMi iiiln thf. <■> liiicJcr llw 
(il 11 metric eiliciency *oiikl l>e 'JO percent. Aa an 
airplatie gaios altitude, the ^ir liecomea tfaimier aad 
the vdtuaettic effidaocy of ibe tsi^m Aectmmsi 
In oidia' to incnaBa the nlMabrk: tSiaimcss (nA 
in turn the horsepower of the engine) especially at 
Ui^'h altitudes, »;ii|H<rrh{ir);rni are used on most 

n, tiit(*riiul'trliiiM-r ii^si-iiihlj". The blower i-s a 
teiitrifugal-l>[i« air jHitiip. The fuel-air charffe is 
drawn dircdly iiiUi iIhj siiperf harf,'er, where it ia 
subjected In thi; uriitui of the rotating impeller. Tbd 
purpoee o( tiie blower ajsaembly is to atomize nxne 
thofoughly tbe (bel-air mixture and assure (as 
nearly as possible) equal distribution of the mixtura 
to the various cylinders. It also improves the accele- 
ralida of an enpne diirhij^ i>|MM'[ilii hh. 

(I) Blower imjieikr. Air* raft -en fine hl<>w(^r 
impellers are of lUe centrifugal type and nre liprL-fit 
ofaluminuni allo>. An intiK'ller CMn^ist^ uf a tirt iilar 
duk with blades extend ing rudiidly from ita bUrfa<^ 
£^ it may ba atiacbcd dkecUjr to tba 
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^aukahaft or it may be driven t.hrougih a gear train, 
B the impeller operates at: approxi mutely the ^amii; 
^twd as the crankshaft, it does not boost or k^. 
crease ^e pressure on the fuel-air charge, Thi 
speed is selected by the designer and it is mainly 
dependent ujion the pi.stun dii^ placement of ths 
eiijrijie. tlie wtane rating' of f snti iiswi, the din- 
meter of llxe impeller and the strcnj^th uf the en;^iic 
slruetuie. It ia also important tliat the impeller be 
light, ^et peifectly balanced and strong eDough to 
wtthstaod the Ul^ centrii it^al forces. 

(3) DiMtissF si^im. The diiTuser aectioii is thM 
part of the inductioD manifold that eurronnda the 
blower impfdler. The diffuscr plate (fig. 55) is fitted 
cluiiely arouiid the impeller. The tmit consists of a 
dK^olac ^te ffiod eoprad v:iiiiib <ni oiw Bozfooe. The 




TKoes may be plain or shaped as airfoils. The actidQ 
of the impeller on the f pel-air charge tends to creafea 
a swirtiiig of the fuei-alr flow. The purpose of the 
ijiffuser vanes is tQ diiainate this swirl^i^ g£ the 
fod-air -within the dSffiba^ chanibw faf sxw0 to 
obtain efficient flow into the cylinder. 

(3) Distribation chamber. This section may he 
called "the mnnirfild rinfr," and incloses the entire 
hlower aivsemhly. In a radial-lvpe eiifjine. it ftirins 
part of the enpine crunkcase and h {;t'ner£illy mrtde 
of forged aiirniiimm alloy. lndi\ i(lual intake piise-s 
flSftend into (Kjenings the rin;: and provide parisajiiv 
waija tbrongh which the fuel-air charge reatrhr~s the 
en^e cylinders. The pipes are held in the opening 
hy Ei^thetic-rubber packbg rin^ and paekii^ 
letaining nuts, which form slip joints to allow for 
cylinder expansion and contraction. In im in-line 
en^e, the fuei-air charee passes from the difftiser 
yane«» kOA ft ^fliEDhia& xwsa h@» it is oonducted 



tfaroni^ tiie main intake mojuCuld to smaller branch 

An aft^tsooler miit is int:orporated on some 
eaagihea equipped with a two-stage internal super- 
charger. The purpose of this unit is to rnol the fuel- 
air charge after it hafs bt^iin toinpie-ssied by the 
jjpi rliar^^r*!'. Tlie assembly Cfjnsisl;* of a hou.^ing, a 
radiator core and the necessary tmits for a coolant 
sy litem. It is located between the supercharge 
outlet and the loain indtution system. The fuel-^ 
charge circulates around the core tubes in order to 
dissiiate the heat produced during compreseion, A 
separate cooling system is maintained for this paorti- 
ciuar installatioQ. It a^tn the same type of coolant 
mixture as used in the enfjine-cooling system. The 
It ij II id is forced tliroiif^h Uie anc [nbes by the after- 
cooler pump. A relief valve is. iucorporated in %ha 
B^/sma to i^wvetit the; dffVielioi^^ ef eeeceedve 

(^) Druin valves. Kach time an engine is eitarted 
or stoppral the fuel is not entirely vaporixcd and 
taken into the cyliiidt;r^i. This unhurned gasoline 
feathers in the lowest p;iri nil the induction system 
and becomes a serious fift; lia/ardl. To remove this 
unvaporized gasoline from sonn' >y stems, A drain 
bde (oj^n to the atmosphere at aU time^i) ts provided 
in the mduction system at its lowest point. More 
frequently, however, an autcanaticalty operated 
drwn-valve assembly is incorporated. (See fifr. 56.) 
When the ciiunne is not 05>eratiiiK, the weit;lit of the 
valve c;nis(>s it to fall a-vvay frotii the seat. This 
opens a pa^'jafre tti dm al iiiospht'ie through which 
uuvaporized fuel may drain from the system. When 
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the cn};iiie is ojwralins. tliie pressure in the regur^t- 
atiun or gurgle tube is below atmospheric pressure 
because (be upp€r end of the tube is open to the 
inlet side, of the impeller. The pressure on the valv« 
'w3], thetdfore, be less than that na the botttom and 
the valve will be held on the seat by the diflferenlial 
pressure. This closes the opening and any gasoline- 
vapor coiideiiaale which forms in the induction 
system is piped -up to the iulet aide of the whirling 
impeller through the regurgitation tul>e as shown by 
the arrows in figure 56. The jpiped-un 90m 
brouglit about by l^St0 <^iaf^^mi 

b. Bimeitthmrgtata. l1^ :6titie^dhat^ of an iutef- 

nal-comDustion engine is a mechanical unit that 
compresses the fuel-air char^^e in order to maintain 
the manifold pressure ai or alxive atmaspiieric 
pfeesure. This unit provides a prese^tire greater than 



Internal superchargers are of several t^Tpea such a3c 
single-speed, two-speed with a mecl^nical Qf 
hydraulic dutch, and two-stage. KxteiJ^ ^l^pMeiF^ 
di<u|pe^ are of the. vag|;iaJ;i|^!^^i;Bp$l,j^^ li^tla 

(i.) Jntemal saperckargers. An internal supcii^ 
charger (shown in fig, 57) is a unit whose impeller 
is located in the induct ion system belnt;oii the 
carburetor and tlie intake ports of the eiigine 
cylinders. This unit is dosiffned and assembled as an 
intergral part of tiit; engine, and is ^jear- ot hy- 
drauUc-driven. The speed with viijlcli the impdier 
..n^l^ is limited by the impeUer-tip speed and the. 
lieming of tbe charge due to compressiofi. Impdl}^ 
speeds may be as high as 15 revolutions to one 
revolution of the crankshaft, The average impeller 
ratio ranges between ratios of 6:1 and 10:1. The 
internal supefcharger conaists of an impeUer, a 
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^^itn ST. laUnulrtttptKhargeT ojwmt^. 



TJigh supercharger pressure (higb manifold pressure) 
is used to obtain more engine power for take-oU", or 
to maintain or increase enpne power at high 
altitudes. As a plane eqiupptsd with an unsuper- 
diarged engine rises to a higher altitude, the car- 
buretor-intake pressure 'vrill decrease because of the 
decrease in atmb^eiio [K«8sure. This will result in 
a decrease tif micti^old prastiTe and power output. 
To prevent Has, aircraft-engine designers have 
developed internal and external superchargers. 
Many variations in the methods of superrharf:iTij;, 
eaicb with its particular advantages, are uaed. 



ringj and an^ impeller-driving mechanism. It may 
have a single impeller-speed ratio, a two-speed ratio, 
or a variable-speed ratio. The single-speed unit ha? 
a fixed-gear ratio and is similar to tlie internal blower, 
although the siii^le-^peed unit rotates at a speed 
sufiQcieut to maintain the manifold pressure at or 
above standard atmospheric pressure at oentaiu en- 
gine speeds. The hsospeed drine nteehajmrn con^sts 
of gears and clutches. When the actuating control 
valve is moved, oil pressu re is applied to one sid e of a 
clutch disk. There is no neutral pusitioii in whicli the 
clutches are diaengaged. Selection of the gear ratio 



is ijerfonned with a pUfeh-puU control. The: control 
unit is a piston<-type Bdector valve located in the 
Bupercberger tetat cover. The setting for the lower- 
impeller ratio is called "the low -blower position;" 
that for the hifrher-impeller speed is called "the 
bigb-bloweriJ*is.itioiL" Low bloner is generally used 
at take-oil and during ili^'ht at low altitudes. As the 
air^anit dimbs to higher altitudei^ and engine 
pown^ be^iiiB to decrease, the pilot wiU shift 
fOB^fol valve to the high-blower poeitKm #7 
increased supercharger pressure and engine po'wer. 

(2) External ifuperchorgers, Ati external su])er- 
L-hargftr is jwt a component part of the engino and, 
theiefoie, will oat be dtscuaeed in this manual 

30. E<4TAKE MAPffFOLD Am VWm 
t^m mamt<A^^ sf!°4^ f^^W^ the sealed passagewa?)! 
used to conl^iM imr # iGM-alr mixture (mn the 
djEtnbutionM^baiDbeir section to the intake- valve 
|)OTt9 of the cylinders, The number and construc- 
tion of manifolda or pipes depend on the engine 
type and the total number of cylinders to he supplied. 
The rriiiniioids and pipes are light in weight and 
des^jj^ned QS«r the lea«t pp^iifctM^ 1«t tilie 

a. In tail c manifolds. An aircraft enj^lne with 
in-line or multiple banks of cylinders distributes the 
fuel-aif charge through a large main induction 
manifisld into siaaller branches attached to the 
cylinder intake ports. The other end of the main 
maoifgid is attached to the distiihution chamber. 
Hu! nkanifotd assembly is generally made of alumi- 
pmi Gt magnesium aUoy, inanufactured in one or 
twof actions per bank. The single-section unit 
incorporates ofw^iiings for all eyiindcrs on one bank. 
The diuuhle-secti<ni as-sfimbly consists of two 
branches, each supplying the mi:cture charge to 
half of the cylinders. Tubular synthetic-rubber 
couplings are ut;ed in connecting the two branches 
to the main section. (See lig. 53.) Thia allowa for 
expansion of the cylhider block due to heat of 
combustion. A gasket i» placed between the mani- 
fold flange and the cylinder intake porta and 1^ 
as-sembly is rigidly secured to the cylmder block by 
studs or Jwlls and nuts. Threaded holes are pro- 
vided U>r cylinder- primer myiAe connectioM aliu jof 
the maaifold-pressure-gauge take-off line. 

lufdE^ei pipe«. Intake pipes are individual 
pipe connections between the distribution chamNr 
(manifold ring) and the cylmder intake ports, "fbe 
pipes are circidar in cross section and are generally 
designed to eliminate sharp bends, thus providing a 
smooth flow of fuel -air mixture to each cylinder. 
Most radial-type ftngines and some in-line engines 
employ this system of induction instead of the 
maflifpld type, (See fig, 59 ) In some in-iine and 
do^lfe^iQiir radial powerplants, Y- or T-typ© intake 
pipes may be ^os^^ed. £ach of these conducts 
die charge to twc fe^ateeirt cylinders. The pipes are 
Ijencrally made of aluminum alloy or steel, SIppI 
intake pipes are stronger and are less subject to 
dents or -warping, A gas-tight connection is pro- 
vided at the distributioQ chamber b^ a synthetic' 



rubber jiackinf^ ring and a packing retaining nut. 
This forms a shp-jcontsieual sUowing the intake pipe^ 
to slide in and oUt tit the diatribulion-chaniije* 
opening during the e?iptinsic)Ti and oontracLlon of 
the cylinder metal. At the cyliiiflcr intiike pfirt, a 
gasket is placed liet^^een tlic jjific flange and the 
t;; finder port, and the flange is rigidly secured by 
bolts and nuts. Another method provides for 
ati^nchment of the intake, pipe by a paekio'; ring 
packing-retainliJg^ ti&t; which screws into or 
tpr« the intake^poft opening. On other eng^nsi^ 
Bhort stacks protrude nom the intake ports ana 
iTu^orporate rubber couplings to attach the pipes to 
the exteniioob. The upper intake pipes of some 
radial engines have threaded haieiV iOt Urn io^ieli- 
ation of primer nozzles. 



EXHAUST MANIFOLD AM> STACKS. 
T0tlB exhaust manifold h a unit spedaljy designed to 

;|^vide a passageway for the removal of exhaust 
gasea and flames from the vicinity of the engine. 
The gatieii may be conducted directly to the atmos- 
phere, i>r by -passed through special ducts and used 
to drive the turbosujpercharger or to provide heat 
for the carbucelcff intake or th^ cockpit before being 
lekased to. the atduosphexe. The assembly must 
cor^uct ^<b ^^Mvay from the engine with & 
minimum of Midk pressure. The metai used is 
generjtlly stainlesji or inconel steel. Inconel sirel Is 
ust^ Ix'Aiause it expands very little when heated and 
is resistant to corrosion. An exhaust assembly may 
be made in any of the following types: short stacks, 
tadwost maniKAdii::^ii toUecin assembly. 

a. Short e9ili^ipit ;il!B«ks. Short exhaust stacks 
are short piecw' w'piping, generally curved toward 
the rear of the air^ane. They aro at tached to the 
exhaust-port openings. These stacks may be; designed 
for each individual cylinder or they may combine 
two adjacent cyJindery. (See fig. 60.) They minimize 
exhaust -gas back pressure 4nd exhaust- valve tem- 
perature, and also reduce fire hazard in the event of 
a crash landing. Short stacks present certain dis- 
advantQ^ be^oise of the possible eudd^ cooliog 
of thb exhaust valves during side-slip maneuveits of 
the airplane and they are not efiicient in condiicting 
the exhaust gasea away from the airplane cork pit. 

b. Exhaust manifold. On some in-line eii;;nies, 
^ifbaust manifolds may be attached to the cylinder 
banks as single units. The unit consists of anaanifol^ 
bOnsiiig witE one closed end. Protrudii^ from the 
bonsmg are short stacka which are bolt^ ovfir the 
exhaust ports. T^ ;n|t9^ hou^ng enlarges ptbo? 
gressively towtiird thie ibiitiet, (See fig. 61.) 

c Colk^ctor ring. Radial-engine exhaust mani- 
folds are generally known as collector rings. The unit 
consists of a large ring (usually the approximate dia- 
meter of the engine) to which are attached exhaust 
rapes from the exhaust port of each cytinde^r. (Sea 
fig, 62.) The exhaust-tinjg assembly is usually con- 
structed in several sections and eliding joints are 
provided between sections to allow for cylmder and 
cotleetor-rmg expansion. Cases are collecleti and 
conducted from all cylinders to the collector ring and 
thence to the atiaosphere through a common outlet. 
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The ring becwnw pfOjrresmvdy larper fn etfws- 
MCiLoiifi] (iiamplrr Jowiirfl ttifi comriitm (nittrt. '\'\\r 
is KtrcamliiiffI (imnrd |h(i rrnrol'lli*' Jiii jfliiiit!. 
TiiftiO fiillwlor rhi'^ iiitiy Iw inslallrd on |lni front 
or tha rear ^de of Ihe eiifrijie Cjiinders. The frout- 
typdooQwtor ring is nut widd;f iMeftiteciWitllllfMb 
to onw ovediieeliiig of Uie «]^piifc 




Ftgmm. 



32. fMU)I^Kl,LF,R REDl CTION CrAKlNC. I'm- 
[k-IUts ij^ed w ith low-borsppowor r!ii;iin's urf-, usually 
Hltiuhefi directly to the cratiLsluin. 'Vht-. iiirreaswJ 
brake hoR>epow« delivered by a high-h(>rs(>pMwcr 
engine rosults partly bom uia«osed rr^nkshdri 
^nd. It is therefore neceeMH^ i^ provide reduction 
fwiiig to Dmit i3m qteed otie/^maA of the prcTpeller 
to a value at which efBclent operation ik ubtiiinet!. 
The peiiera] practice has been to prnvide rwluftioti 
filler lor [irtniclltT speeds iilin\o 2,(HK) rpm l>i'i.'iuise 
il has liccii fniitid tlial, proprdrr clliriciii y (IrtTcascs 
riipidly ahu\f! lin^ sjH'L'd. As thi? rwliiitioii ff<!imng 
mwt withstand extremely high 8trRH.>ieH, Lhu fiears 
are machined firom Bteel fw^n^;^. Muiiy t^ pes of 
iBduoticHi abasia^ syHtenis an in uee, Fouc ^tluw 
types irin Be dk^issed. 

a., F.vtfrnul Hpur-and-pinion rviliictidn kbA^ 
itip. 'Ill IS as^t^mhly wiTisists of an fxti-i iial spur geUt 
nHiiiiilcd oil the prnpellnr shaft and uii <;xie;mal 
piiiiua (driving) ^ar located on tlu; cmukiihaft. 
(See fig. 63.) Id some cases,lhia paAT is niiuinted on 
au tasaemoa abaft whkfe loay be uii^k h^d ^»90y 




tx> the iTQiikiihari or may be driven Ihrou^allajdbic^ 
•[iliiiad ooupyiig. The propeller abaft is sapptMrted 
in the laiddfe by a thmst bearing' and at the rear hy 

S ri'll'T Iwiiririp or n -ili'i l-hiirkf^t, tiron/f l>i';tniii,'. 

b. Siinr pl:Jllrt:ir\-^t?^tt-in rc-ilili-lioil t;4-:ir- 

ing — nitat ill*: ln'll ■ifiir. I hf spur jdiincl in \ r*'- 
duriioii };fiiriii{f ttiusists of a larjfe dri^iiii; yr hell 
(fiMr tliiLi is splined (and sometimes shrunk) to llie 
cranbittiafl, a large stationary gear (calttKl a &un 
|eai), and a «et of Kimll spur planetary pinion gears 
nunintfld an a carrier ring. (See lig. 64.) The ring ia 
faiBletted to the propeller shaft and the planetary 

;nnwh with both the hell pfar and llif stalinnnry 
F, The Htationary gear is boiled or ^piiiied to the 




front-seclicH) JjOO^g. When tlie en^mm tjftalxag^ 
the bell mstx rotates. As the planelaiy gaan am 
meshed with this ring, they also most lotateL Since 

they also nirsli ivjih 1hf» stationary gear, they will 
walk or roll <ii'<»uit{i it lis they rotatt!; the ririp in 
^'hirh lhv\ aic im united %vill rnltih; (Iir pnipeller 
shaft in the siiine dijciliuii us ihocr.inksludt )iut sit a 
reduced speed. 

c. Spur piunrlnry-'systcm induction gear- 
ing — stationary IhtII gvur. In some englneaH the 
bell gear k nuNinted as the sjtatlonary prar in ttw 
ficmft-flectioQ lioQsinfl. The planetary pmicm gnn 
Talk around inside of it. The sun gear ads as a onr^ 
ing gear because it is spUned to tbe cranksliafi, 

<1. lic\ A planrtiiry-iijFBtem reduction gearinib 
In this -systenL llie driving gear is machined witll 
lje\elrd external (rear teeth and is attiuliPti to the 
crajik^haXt, A at^l of mating bevel pinion gears » 
mounted in a cage which is attBciied to the «ld of 
tb$ nvopeUar ahi^t. The [nnioii gean are driven hy 
tiie diiiving gear aoA walk artmod the eitationary 
gear which is bolted or spUned to the front-aection 
housiTig. (See fif?. 6S.) The thrust of the bevel pinion 
^ears alKoi hed by a lliru.st ball bearing of spceial 
design. The drive and the lixed geais are generally 
ttqfiiietted by hatiryisa^ baUJiewiiga. 

33. FB0PELLER SHAFl'S. The types of propeller 
ahafis are the tape red -end and me spUned^od. 
Tbe correct propeller aasjetnldy must, be used with 
each type of shaft. Tapered shafts are identified by 
taper numbers and the Spliited shafts by SAE nutn- 
ber sizes. 

a, T;ipf*riii «id«i. In many low -power-out put 
eiifrines, t he pr<j^lU>r sb.-ift is forfred <ir east as a part 
of tlie cranksludt, (See lij,'. (ifi.) The shaft ia tapered 
and a milled slot ia provided an that tlie pcopelljnf 
huh may be keyed to the ehafi. The end of the abaft 
IB threaded to receive the propeller retaining nut 

b. Splined vimIm, (1) On a high-output eii|;inR 
the propeller shaft i& dpliued. (See fig. 65.) U is 




Ftijufc <t5. Hirrl jilaui-larlf-^lji'lritt rf/ftH'ftfit f)(»rs»ii. 

tliicadfxl yti one end Ibr a prup<!HL':r hub ibul. The 
t^iTost t)<ip£r^t wM«ib afci^M |u%){i#» tbn^iv 




located near thn middle of the shaft ami traiistniU; 
Ihft thru si l.o the froiU-sectioii-hfJusiiifj, The^sdit is 
ttueaided near llie middle to prgvide a location for 
the thrust-bearing retaining nut. On the portirn 
[jrulri.i<lu!<; fitmi Ihr; lintisiiii: fhclwrcn Uir i\\n sr[s 
of tlii'<^ail,s) are Infalod siihjn'^ lu r<'f('i\(' (lir spliiu'd 
propeller hub, Tiie sbafl i-; ^'i-uemllj iiiut hliK^d friuii 
a steel-T^lljay Sm&i^ ^od is bx^w thjccHigtioiat its 
length, 

(2) Propeller fiho fl-trankcase breixth^rii. In one t\ [se 
of iustaliatiQa ^ bj^eatbcf ti!|)» Js In^tsJl^ 
boUow propcM^ ^l^^^^nd eirtSrtto iM&iS^ 
shaft front e^^<^T!si(lTl, On jm ™i.'ifin equi[i|)«) wilh 
a hydromatic propeller, the tube is f^o cui mciwl 
^nd installed that it al&o provides a jmssii^'e fur high*- 

pc^p^ !l^,M'!!^^^^-^:-W^J^^^^^ unit. ?5iiesf: 
M^Q^M^ JsD&at^^ generally 
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|6|i,:P^i:RAL. l-;[iL'ini^s vhkh have $d|l-ti4f their 
cVHli^^ irujiiiiUit! or assembled in one straight line 
are Jtnowii in-line enj^ines. In the very low-power- 
output ciiiss. this eiiffiiie may be <;oristTiK teJ with 
one, two or three cj liiidci^. These enisine-s havci re- 
spectively 360% 180°, and 1:^0° cjanli^afta. High- 
power-outpat engiiiies of liiisl^t* aire^i^^ 
with an evea number of cylinders in one bank.^ The 
most common types are the four- and six-cyliudra 
( ]i<:inefi whi<di ioa& tt/^KBs^^y WlP mA IM* 
craiiJisbafts. 

a. Cylinder amngement$. The cylinders of an 
iit-line engitie are located in a siiDgle row or iiank 
paralld to and mounted above or below the craidE^ 
«baft. Whisa. tbe eylind^s are mounted on the iow^; 
side of the crankshaft the engine is called an "in vett- 
ed t>i)f*," The in-line enfrine lends itselC to cxt rllciit 
itrcLiiiiliiiiiig of the airplane in eilher the uprijiht or 
inverted [K>sli.ioii. Tlie inserted type ofloTS improved 
pilot visibility and the u^e of a shorter laiidiug gear. 
This t;\jpe of engine may be either liqtiid- or air- 
PQoled. The problem of cooling the engine by air haa 
bem solved by installing bailie plates to direct the 
air flow around all cylinders, especially the rear ones. 

h. Firing ofdcr. The firing order of an engine is 
the sequence in which the jiovvcr roki's (H;rur in the 
cylinders. Six-cylinder in-liiw; enj^itieii g(;nerally have 
a firing order of 1-5-3-6-2-4 The iSruig order for a 
IpttfH&ybiMier m-liiaeen^ be either 1-3-^4-^3 or 

3k ■ Sip.; 

3s, ^tM&tm&^^rim characteristics. 

a. General. Etifiiiiii parts and en;^'jne uniti^ vary 
in sliiifie and size, l)ut etu li pail uf any type opera t^ 
m i'fL[iii! id It) provide salista(.t[.ii y peiforniantre of 
the eEitire. aiisembly. It will he well for the student 
lBie$t^uiik; to familiarize hiiuself with the design 
tiie ciHQponeat parts of each type of engine 

b. Power section. The power section of an in- 
line engine consists of the main crankcase, the crank- 
shaft, thft cylinders, pistons and connecting rods^ the 

necessary liearings. '. 

(1) Crankcaae. The crankcase is mayde in two 
aluminum-alloy halv^ and in yrry sturdy. Each half 
has web partitions ^Wch support the main crank- 
shfift be;irinf;s. ( >ne web is located between each t ^vo 
cranksjhiift tlirows. The \tp]Mir and lower purls of 
\hfi rrarikcasi's [irr hnlii-'ij tf)L'<'[ht.'r -with i(m^ holts, 
one of wiiicli m located on eatih side of each main 
bearing. The outside edges (tlaiiges) of the crankcase 
are hdd together hy smjall bolts a;!^d bu^. 0111$a|b|^ 
is tsfreveuted by a p^ie* faset^wi^'iee^^ 
flanges. 

(2) Crank^^kifl. The (nnikghsift of an in-line 
engine has one throw ft>r cttrh r> liiuler. It made 
of forged ^teet and is ground not only on the weariiig 



scrait'ties wliifh might (.'tnjsc failurf; f)f the crankshaft 
during op(;ration. l*assa^eji art; drilhrd through the 
main jonrnais, the craiikpins, and the crankcheeks 
to provide for the How of lubricating oil and to make 
the crankshaft lighter. The crankshaft is statically 
and dynainically balanoedi withiti tii^rt<«mely close 
fimltB. 

(S) Cylinder. The cylinders of an air-cooled in-Une 
engine are made with steel barrels and aluminum- 
alloy beads. The beads have the valve seats and the 
spark-plug bu.'ihings shrunk into phicp. Ii^ach head is 
screwed and shrunk on the barrel and both have 
cooling fins on their surface. The barrel is held to 
tbe crankcase by means of studs and i^ii' 

(4) Piston assm^ly. The pistoES are generally of 
forged alnminnm aUoy, are heat treat^, and ara 
ground to final size. Compression and oil- ring grooves 
are machined aiound the piston. The piston may be 
of the llut-head or dome ^baprd type. 

.^5) CoitnKtiiiff rod. The ton iiet;ling rod is generally 
ftia^gedftom a steel beam of I or H cro^ section. .\ 
brdiize or brass bushing h pressed into the small end 
and reamed to size for the piston pin. The bjg end 
baa replaoable bearing inserta. 

(6> Camshajl. The camshaft may be located in 
the cj an kcase bousing (iig. 40), in the cvMndcr Ijlo^-k 
a^-^emWy (fig. 41), or above the cjliniii^r hf^ad 
(lig. 42). if tlie cam^liafl is kM:ated in the {■riiiiki asi^ 

the block assembly, it is driven by a set of gears. 
It tocietted above the cylind^ltgad, it is driven by tsin 
^tteospn shaft which is geared to the cranksholt. 

0) Bearings. The bearings whicsh support th» main 
crankshaft join iials are Koft-niFjtal iTi!>erts "which are 
back^id witli l)rony:e or steel. The crankpin bearings 
are of the stnine t>pe. 'llie pi^^tun-piiL bnshuig is 
bronze and iiiO special bearing is neiessary in the 
piston since aluminum aUoy itself is a ^iKid bearing 
material. The rocker arm is supported in tl}e oentf^ 
usually by a bronze or needle bearing: 

c. Front seotioii. The front section is i]f;uaUy 
made of aluminum alloy. It houses the propeller 
thi'ust bearing and the arces.sor> and vertical drive 
shaft. It is bultcd to both halves of the main crank- 
case section by short bolts and nuts or b> cap screws. 

(IJ PntpvUvr thrust brariii;/. T\m bearing is ajt:^ 
beanng. It m rivrs tin; forward thrust of th» 
peller and transmits it to the engine crankcase; 

(2) Drive shajh. An accessory drive shaft is geared 
to the crunkshsdt and t ransmits the pow er iieressary 
to d^ i^ e lhf> acrrssoiies m the rear sect 1 cm. The ver- 
tical (li'ue shaft, i^ (hi\rn by the rivnikshafe -.andv 
transmits the piAvcr to di ive the cuntsltaf t. 

d. Vulve itkerhanisnu The valve-operating 
mecbaniani used in tliis t||^ :ol eii^& mi^i^ W JKp 
one of several types. ~ ' 

(1) 111 the type shown in figure 40, the camshaft 
located in the crankcase bousing. Push rod» extend 



IIm path toA (due to cam action) causes tnovement 
of WB rockcT arm, which in turn opens the valve. 
Titt valves are closed by tw o springs which are bdd 
lnpontit»Ti 1i> a Mather aitcl a liK-k. 

W 111 tli^ ^^)i>»v.i) ii) fi^urp tl, Lbe earns hufl 
is locuted dirnL-tly Muv, tUv vhIvps and Emtt >Oli(SI 
is Iriiiismilti'd flirt'rily hMnirh vulve. 

I n a Ihirtl t > ne (lij^. 12} the camshaft is lt>t'ul,od 
al»ve the c j liiider benid. The rocker arms bear ou the 
eiin kibes and tiausmit cam action to the valves. • 

«• Exluiu&ft and induction sy&tevia, (1} The 
tdiBinl. stacks are made of coTTosiou-resistant steel, 
nicsptionut muIllflf'Ti^iiir inil^c hut mtHf\y nmdiirf 
thft pii;/ine-exhau»l gti^^ io a poiut where they will 
lu-iOipr atT<:ct the paHMflBdto wetti^itmt 'pniimt 
afii^hasard. 

(3) The ml 3 Jitaiiifold iscdmpKiedof twoahitni- 
num-^Iloy eecUons. l:£asb «^ot!k^i supplies half ol tM 
cylinders. To aid in yipti^tMitiftm niel, a hot spdtli 
snsti 1^1 imps located bet w mi the I'lirtmrelor and induc- 
tiuii niiiiiifuld- This iniil. warrns tlic fuel-air mislure 
by heat fn>m ihf rxluiust nnx^. 

t, Coolinp, Tin' 1<'m|H'rutiirt* jiroducwl l)> lUo 
hunnttg furl in ail iiLtc-nial-niitibustioii Ciii^Miu^ iij'irib 
reaches 4,000" F. *>r timrv. '['he hnt Rases ininr iit 
Contact with the pistons, rjliiuler w alls. \aKe.->, and 
tha cylinder head, ail of which absorb beat. Two 
|)anera! a>-stems of codinf^ are used: air-cootin^, some- 
ttmcix rcferrt'd lo tt^ (ViivrV t fioliiij^', and Iiqiii(J-f'o<JilHj» 
wilirli is aci'oinplihlii (I J>y ii drciilatiTif; liquid. 

(I) Air riKidiuj. .Vii iii-linn <>it^ine may 1m> !-(k>IpcI 
by air which i£ direcled around the cylinders by 
wMmof baffles. OSe»% Byv^fNMlfiiiitQ 




Flinit ST. Air fl*w aMnmt ff^indtn ^ mi tifttdnl t«4tiit 

cnittnil th^. amouDt of air tliai Ikm^ arouod tiia 
cylinders, the engine mofftntMn can li«]t«Iitwidi^ 

tba desired range. 

(2) Lit{\tid cooiiiiii. [ .iqutrl cooling is accompMahfiif 
by kcc|ijii"; <t.jrtlan( riK'^iiiiii (cih jlen(! j^l>c(il nr 
walcr} ill ( in iiiiiliri^' r<iii(!ic't w itli the inPlal MUrf'iu rs 
111 )«' ('(loleH, The tinder iipad and the i>liini<>i' 
block are cist willi inlniciintie^rted pas.sa,t:c-i< (or 
water jackets) thrnii^'h ^Uiith the coolant nKMliiim 
ekoUates. Tlte cold-liauid op<aiing (ocitiet) is located 
«t tiiA top of ihe biudi to prevent the fdnmtiaii of 
steam pockets. The hot coolant is directed from Ibe 
top of tne engine through pi iies ( o t h e t op of a cooTa n t 
radialor. ,\s the h<ii lif|iii(l rin ithite^i IfinniL'h the 
ruHintnr, atnuRijiiit'rir mt piisncs aiuuiul I ho l adintnr 
InliPS and reuiuvcs Ihr lii'jit fnnn tlip liqiiitl. 'I'lin 
cooii'd lUjiiid then Hows from an opeoiiig at the 
ItOltimi uf the radiator U) a coolant pump and is re- 
ciKiukted tluou«h the a^toni. The ppai of the 



caolaDt aystMn abDuld have as few bends as po^hfe. 
To ]vev«at danuM tram vibratioa and twbting 
fttiains. sfatMl lenguu of ftynthetk-nibber hoae aie 

used AS pifiC <.'{)np!i]i^'f!. 

g. Luliru-uliiiii. A prossure-lubriciil inn svstdmts 
employ etf fnr the main cranlt shaft iM^aiin;;!!, the 
eraiikpin journals, and the camshaft bearing^. The 
rocker bdses, valve guides, cylinder walla, piston 
mas, and gaua are splc^- oc spray ^lubricated. 
mms cSL ataiia down into the crank^aft hounng 
where, it is pickod up by Hut scavenging pon)|» wad 
pumped back to the oil reservoir. 

h. Accossorics. The accessaries of this iyja^ nf 
eniiiiie are (ill liw alt'd in tliP reran They an^driM'n by 
a lonp atTf^ssory drive shaft whii'h is p-iirr d In llie 
cams ha ft at the frtnil of the engine. liet'iiu.se of its 
lengllu the Hcce^tsory drive shaft will twist slightly. 
Tbis abwrba lh« YibmtuHi, (j^m to |fOW«? impuUes) 
and urevenUOiVeiloaidingof^^t^^ drive-^eor 
te^ib during sudden accetcralimv and deceleration. 
11^ aiooeesoriea include the geiieratur, mi^iietoe,fud 

36. VALVI-: ANtJ IGNITION TIMING. After A 

new en<{inc is designiHl and the first okmIi*) is made, 
it i5 set cm t<T^L t)t<x~ks and operated. It i.s nijpi alcd at 
differeut speeds, various fuek are Uised, aud the valve 
and ignition timing are changed from one extr«tae to 
the other. Dnritif,' these tests under controlled 
operatin;; coii(lilii)Tis. the honiepower clcvf'l<)|Mjd by 
the ciif,'i]H' is Eici urfili'l y rhwked. Krnin llh-sc dala, 
the desij^d en^'im-ci-s d<>1 ermine the exac t tiniin;: of 
the valves and the i^nili<m which will give I lie Iwwt 
performance. It is impor^t^ tiNnCore, that the 
be *ft*MMi tMBtiuf 'tit ij^iNifiiNl in Tfletulnttl 



iu C^eekiiig valve tlinlng. Thevidve dntidg of 

a in-line engine U checked as foUows: 

Step 1. Remove the aocrasory iinita as dl- 
rwleil hv Techiiu !il f InU-i's. 

Step 2, Hemove the cylinder- valve covers. 

Sttp 3. Owck the clearance of all intake and 
odiaint valvea. If neoeoary, adjust 
clwance aocor^nj; to Instructions 
In subseqaeot parap-uph 3Tb. 

^/!^4. Instiill a top-ceiiler indicalnr in a 
upark-plng hole of Nu, 1 e> Under 
aiul rotate the crankstmft niilil the 
pisUm is at tup-deud-rciitcr. 

Sl^ B, Set the pointer of the timing indicator 
at zero and install the indicator on 
the [jrupellcr shaft. 

Step 6. Hutalc llir' rrunkshaft ( itH kw ihc inilil 
No. I iiilake-valverin krr-iirmntlier 
cannot be turned i^iih tbe lingen 
becatise of the pressure of 1 ho cagn. 
Tb» point of 4xwniD«^ of the intake 
vtfve wfl] be shown on the thning 
iiidicalnr. This should ti^ren with 
till" value fiiven in the 'IVrtifijcal 
(Inler for the pari iciiliir eUfriiH;'. 

Step 7. if the valves are not correctljr Umed» 
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$tf0j^ A^liu:^ the parte wldGltlR|Wf«!»a^ 
mnti the engine, 
b. Aajuriting-valve Umiiif;. Ttrl ime ^jftl^ll^ 
of an iii-Uite engine, Gist follow tlie prucMUIt 

111 tho jirst. (ivc of foc«|aing papm0t^fc SiM; 
ibta piFQcced as ToUoh :>: 

@H|k3U riace the cainshart in ils proper posi- 
tiGu ^ iQtatiog tht csraukaboft 
DDtil tbo intake valve ot No. I 
cylinder is j tut about to open. 
SUqpS. Dfacomiect the vertical dnv0 shaft 
frum the caTtiiihiift Ih'voI f^ear. Tiiis 
will allo^w the cam^^han. atu\ iTaiik- 
shaft to \)c, rottiic*! iitdf't"'titJ''iitly- 
Holale tUf; rrEinksliiift in the uetrmal 
dhwtiiiii cil' iRri^'ihe rutalLun uiitil 
the timing iudicator abowi ihtX 
No. 1 piston is at the specified nmt- 
hcT of df^grefs BTC,. 
Sic [> i. Tt'inixirarily etiga^^e the vprliral drive 
sliaft. 

Slep 5. UoUle the crankshaft backward 
about 31)" and then slowl) rutatt- 
it forward HntiL ths vfilve vodtAV^ 

«itb theism 

valve openiiip point as 
ishovvii on j 1 LJiiiiijfindicator. This 
sliiHiJd af^'iffl with ths value civeniji 
the TecliNical Oldw ffW tfie jpST* 
ticular en^'ine. 
&3epT* If the timing iii iiit;orrcot di»cn^getlie 
veriical drive shaft then diaeugage 
Ifae camshaft gear from the cajtn* 
shaft. If thp valve opriii-d latat 
rotate the r;jnishi»ri ^-car in a direfc- 
tioii op|M?sile 1o tliul ill Mliirh it 
uormaUy turns, tln-ii ri-|!kirL> il on 
the spUne^i. Jf the vfilve opened 
ftarlv, rntate Ihy^m.W 
operating direfiiill IM 
on the splines. 
Step @. Ut-peat foregoing steps 4, 5, and 6. 
fitqp9. Uutiilf^ the <Majik!^iuiri in the iMnniiil 
cJiri^clioii oV rolulI<jii tiiid iihri k l.lic 
clojih I =1 ( )f n I fix h i I iiHt V al vo of o. 1 
cylinder. This is 1 ] ji s i 1 1 1 w lu- re ll ift 
pressure of the vah e is iciuoscd and 
the eaMusl^valvo niUar can M 
turned with th« ifing^er. 
SUjplO.Ifnpcewarv, readjust the intake-valve 
opeiiiujr to LalaiMn the exhaijst- 
Tialvc p|n!<i(ii^ error, in this w,\y. 
Loth valves ("ti> be ttnwd within 
the desired tolcrmioe. 
Stt^li, Beploce the parta whif^wpsraiiin'- 
ed from the tstgiob, 
f, iL'iiiliitii liming. To S(^t. the. i^'intion fiiiiiri;^, 
thii saiiii: liitiiiif? indicator is used. The cruukslial'l is 
roiaidl (on the compression stroke) until the pointer 
indi[ iii(^H that tlie No. 1 pbton is in the llririp posi- 
tion. The Diagnetc^ are removed and the drive shaft 
«f each magneto b rotated nnlii the white mark 
qipeua in the inapectitm unadow of Um magneto. 



This indiralrs that the mapnoNi is in the prfi|>pr 
pcjEltlOii to (ire tlie charge in Tvo. i f'vhndcr. The 
magnet fis are then plai-ed in p<i«ilir)n and Iht'ir drive 
gears meshed with the gewr^ lliat arc driven ity llie 
accessary driveshttfl, Adjii>hnriit for ignition limini; 
is actompHshed by a k> nlhelic-nihl»er plate which 
has gear teeth mokhtl on each side. A O.Ot) 15-inch 
feeler gauge js placed between the bieaker points of 
eadi magneto, k timing light may be usedf if avail- 
e^iht. The cranksfiflft is then sflowly rotated whilp a 
tight pull iH cxiTt^'d on the fp'^lfr ffatiges. Watdii llif; 
iLituiig Ijidii alor til chi'i k I hi- k'^H i* iit of t Ihm l aiik^ 
shaft just as the breaker [K>iiil-i ()|,ieri and n■leii^e the 
feeler gauges. If dther ml of points dyi» not open at 
the spetiibed position, remove the maftnetu and 
xotatetberyhbcr coupling. Ifthe points opened late, 
Uim the rubber ooupHing in the direction of the 
magneto drive shaft's roUtfon. If they opened ewijf, 
rotate the rnhln^r rniiiiting in tke MW«ae iSfeCbhNU 
Then in^taH tlie njugncto. 

37. VALVE CIXAR,ViNCE. All engines must have 
a ali|^t clearance beiwa^n the valve stem and the 
rocker arm. If tiien nwe no clearauce, the valve 
might be held slightly off Ha acai when it should bo 
cloeM. This would cause erndk TOeraUrai of tlte 
engine and soon cause dfstniction ofthe vahfo itself. 

Q. Cleur£i)ic:t- ^iii'i'ifit-iiiioii'.. Tlif sjK'filiefl valve 
clearance for mu' tM'i! of ciif^inr nia v he U.Oln incli 
for the iiilako valve and (l.lliU) im li I'or the exhau.st 
valve. These dearaiices are refencd tt> as the "eoid 
dearanoes.'^ When ttic engine vtarms up during 
fflporaiioint the metal will expand and change tbeee 
dearancea to a oertein exteot. Tbo exhaust vtivt 
vrill be hotter than t!i6 intake valvew Tbacefora, il 
expands more und a greater ooU deanuK» may be 
necessary in order to hmm tiNl fOfifg cll ia f i iilo e 
durinj^ operation. 

b. Adjust nirnt promlun!. To adjust valve 
«kaiaaKe, the lock nut is loosened and the adjustiiiig 
iOnwfetimiedimtiltbe proper tbickitesagaugfi wii 
enter the apace betw(!en the valve stem and rocker 
arm but the next larger thickne^ gauge will not. 
The iidjnsi iiif; sfTew in then held securely and the 
lot'k lint is ti;;liii'ned. j^urhig the adjustment., the 
carnshali muivt lie iji such a [xK^ilioii that the cam 
lobe dueii not. hoar against Ihv rucktir-aim roller. 

38. INSPECTION AKD MAIMTENAT4CE. 
a. tnspectitrti procedui*. Inspections are pep< 
formed ia prevent t.roahlp on an airplane. By 
peril die ally insfMHting the airplane and engine parts, 
niinor defwis i iui lie found and h« eorrceted before 
they become si-rinu^i. The iiiiipectioa must be per- 
£cHnKd m a s>-;|i-ma1ie tnaiuKT and cans must Lie 
C^veidsed to IcK iiio and corrfirt even the smallpsi 
dielects. To iMTitiit tlie locating of all defecl,-^, the 
parts should be tlUHoufbiy dMaed at the time of 
the impection. 

b. Maintenance i»tul requirements. It is tha 
Tnechaiiii 's duty to keep the airplane in flyhig con- 
dition as nnjch of the time as possible. To do thii^ 
he should be able to msi!)$Di^: pK^^a^ boublw 
bdw they happen wb& U iimm^ mm^dy 



dstiBes of the^ troubles. If th« tnechanic i^s 
Mlalificd to perform I Jut pmpftr ituiiiloiarkie, he 
BDOuld do so. If not, he skuuld mpijicR l.he daniiifrfid 
part and return the unit whicli run tains il to ti:e 
proper department to ba repaired by mure highly 
trained pei^nnd, thi). BSn^^^eiis i^iiecbanic must 

Biig ty^i^iS WtDimor damage: 

(1) Scratches on hi^'lily st.rtiKsrd, pnlisbi^d parts 
are a raihei comnion suurce of (Tacks. 'l'hf;se 
scratch^ Kiay eventually iiwiisw^ n fraftiir<j of the 
part. Inspect thoroughly and remove the scratt^hes 
at the time of discovery. On some units it is per- 
miesible to ixiund or ^miootJt the, j^i^ve in ^« eaxly 
ata^ dp #e Airaiiiger^ 

(2) LcKMft oonnecLioite hi llio i<;iii(ioi) systrati must 
be lesolder^ii. Lons*^ spark-plug connect ions nuist be • 
tif;hl(^!i(>d. Uxwc ij^nil ioti wiiyji wil] be properly at- 
taclied. 1 lie magneto ill be cleaned if necessary. Id 
IM^oeV Cases (desi^oUted in Technical Grder^i) the 
|(rt#ieto breaker i)miE# i# Jt^ ^m^M immA tft 
fee Buimdl or pitted.' 

(3) Imo^v. bondiiif,^ mmt 1k! properly secured. 

(4) Oil the fuel and oil systems, loose or leaking 
connections w ill be tiffbtened or replaced, lioose lines 
will be anchored. Screens smd straineiie wBl be period- 
ically re£D0ved aad cleaned. QnKk all fieidlkWliiPse 

with new boses. 

(5) The conliol system is iviorp likely 1o rnyult in 
malfunctioning than any other part of the engine- 
The numerous movable pai*ts (consisting of cW)les, 
pulleys, bearings^ bellcranks, and otber units) 
quire constant inspecUon axui m aome casea lreqaeni 
adliMtaetily Oa toe engine coutrob^ exeeaaiivc^ hi» 



play must be removed. Binding df the controls must 
be corre* ted. 

(6) The jiropeller thrust-bearing nut will be 
lightened if necf-^sary. 

(7) Loose cowling must be tightened and secured 
ill its proper position. 

(8) Valve adjustment and valve and ignition 
tiioing wiU be ditecked and corrected if foimd wrong. 

(^) The crankcase and nose ee«tioii$t should % 
carefully checked befoce removing the bil, grease, 
and dil l. Thisinapectioa prior to thr r lpaning of the 
enjiiiie will, in some cases, reveal an eArf'ii.sive accu- 
mulation of uil and dirt, wh'uh may he an indicHlioii 
of damage. If an excessive amount Is found, the 
etogii^ ynSi be thoroughly cleaned and the se<;ti(m 
eliedfced for cracks. If any section is found to be 
oraclLedr the engine must be i^aced. 

Re|>Iac«m«ntti. Part*; that are damaged be- 
yond repair or that requirfe more highly trained 
personnel for repair must be replaced by the airplane 
mwihaiiic. Some of the paiis thai will be n^placed, 
if damaged, are pven telow : 

{1} Spark plu!^ that are not fiinctioning properiy, 

(2) 1 Knit ion cable that is chafed or ah^ned> 

(3) Shcirted or out-of-time magnetos. 

(4) Cracked ooanifcdds and leaking gaskets. 

(5) Cracked or kinked fuel and oil Jmee and leak- 
ing ooonections that cannot be sealed by tightening. 

(6) Propellers that arc oiit-of-balaiKft or do not 
track propeilj. In all cases where the airplane has 
nosed over or v hen the propeller has come in roni net 
with some large solid (jbjeet, tbe powerplant nnist 
be replaced. 

(3) Engiiia CTlindets thai have excessive damage 
to i^v^catiyst fii^ 

^ ^^Loy obCffisery found to be damaged. 
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V-TfFB AIRC3U1T ENGINES 



St. GE^t'lt M ' !i. (iylindcr ;iri iiiLit ni*. Miio type fif pii^iii** ;kri> iirraii^'i'd in l^vit row j. or hnnks, 
of tlMlllO^il < i itiiiiiriii t\ pes of t'n^i ! I - !i->>(l In |iiiHi'r 'J'lip rr[!ti-i lirii-. nf I he biinks cif r>liiidfrrs hmn ihe 
i fifim i w IB thfi V-tjf|i« eoigmB. Tbe uyliudeu uf Ibis letter N . i><-^' tig. 6tl.J 'i'Jik l)r{ie of cqpiie may Jm 




n6ttiiit«d upright. 
Ih Fiflnj; order. The firing oidtt it lJu iMnMloe 

in irhich the piwer «v«>nts occur in the cjHraos of 
the engine. It is delemiitied by the direction of crank- 
^aft rotatLun. A common firins onkr of a V-12 
engitre, the crankshaft of which rotates rounter- 
cltxrkwiae, is lL-6R-^5L-2R-3Lr-4R-6L^lR-2l^SH- 
^ 69<> A V-32 tBOffoa, with a clock- 
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FIRING OROEFJ 
L,m, SLt^fl, 3L, 4R» 6U IHf £U SR, 4i, M 

wifH'-rnliiliiii,' (Tiphi-hand-rotatEnp) craniahaft. may 
fire I I.. II. 5 I.. 4 H, 'A-L, l-R, 6-L, 5 M, 2 L, 
;i- K, i- Jj uiid (>-H. An f:if:ht-c> linilc^r V-ty|K' piif^ine 
with a left -hand -rotating crankshaft will tir*; l-L, 
4^R, 2 I.. 3-R. 4-L. 1-R, 3 1.. and 2 H. A V-« 
type enjfiiic with a right-hand-rotating crankshaft 
Jin 1-H. 4r-L, Sr-R, 3^L» 4-R. I-L, 3-B, cod 2^1^ 

40. fmSTHlCTION CHARACTERISTICS. 
11. (ii-Drrdl. TliP various parts and viiiit.s of a 
V-ty(>fj! cn^'lm'^ aiithfnjilish th(> xum' jMirpiwfj as the 
parts of til*; utliiii t>]jc Kitf^iiics, Lliirii^'li they may 
oflen dilTcr in i^iuiie und sh^. Tim met hanio ilKKda 
funUiarize himsf^lf wilh these dillereiices. 

b. Fewer section* ITi© powei- Bection of a V-t yfjc 
wgtes oOikoBto of the tqipa and lower main section 
«f 1lt« ofijokcase, the crankshaft, the cyliDcters. the 
connecting rods and piston-?, th« valvfsg and vatv©- 
oporatinp inechanistBs, and tin' np(ps.sar>' iK'arhjj^'s. 

( 1) Cntniinisie. On some V-t> ;h' f'[ii;liKi!s, llie iTiink- 
casE£s arc di vided into tvta halvcii at ihc ctnitcr of the 
cnnkshafL £adi half contains webpartitions which 
mppoft ^iS main Hwaring inserts. The two halves of 
some crank CISCO are beW ti>gKth«r with long etud 
boha, one on each side of eadi main bearing. 
Numerous short botts Bround the parting flanges 
hold the two tisilvra rijtidly tof^ftlicr. Tlic luwcr ha!f 
(if t>n; muikcaiifs ijsUtilly has a Nmall oil jiiiti Injlted 
(hi il (iiIht V-1ypK engines lm\e irnnki'usea which 
are nyliL well below the ce uteri iiicj^. The upper hsiLvctJ 
hav* Iwavy web pariilaons. The upptu* iHjrticms of 
liiBmijn beaijQ|i «m^igt9Ued in 



dual bearijig caps are fastGried to the webs by nwaas 
of atuds atidnutB. A amall dowel pievmts the bearing 
insert bcm turning. The lower put of the crankcaie 
IB beld to the upper part by means of clctsely £.paced 
Btuds. The engine- mo iintinf^ puik arc located on the 
upper half of the main <Tankciisc st'ctinn. 

{2} Cranksfiafl. The erankf^luift of a V-type air- 
plane engine in forged of stecL and is machiiied and 
polkbed m ainicnes. A V-12 type engine has lix 
am^fim and Mvea naia beanng journals. The 
V-^ t)-pe engine baa fbnr cnnkpina and five main 
bearing journals. The crankahaft must be statically 
and dynamically halinu rd. 'I'iie inain and crankpin 
journals and the t'rankchix'ks Etr@ drilled to provide 
pajj^agcs lor lubricating oil. "SMi fiko DUlictt |||« 
crankshaft lighten in weight. 

(3) Cylinders. Tha eyUndoa am made of steel 
barrel-; shrunk into ahiminum-alioy heads. The 
barrels aje made a,s ludividijal untta -^^hiJe the six 
heads of each c; iindfT hank may lie cast or forged 
in a single unii. The burrcl!? of each bank are iu- 
doeed in an aluminum cocjlant jacket which is 
Becuredto tbehe»d by ulads and nut:;, ^pacethroogb 
which tbe coolitvg liquid Hows is provided between 
the cylinder barrels and tbe cylinder block. Intia- 
connected passaf^es for the cooling liquid are pro< 
AF-ided in <■> Under lie:id. The entire assembly of 
the cylinder hiirrrls nnd cjiliiider block of e(irh hririk 
is held tothecrnjikciw.' i>y nu tins of Ion;; stud Iniltn, 
On some V-tj pe cngintiij tlio cylinder barrels are held 
to the cylinder block by means of large lock nuts. On 
^Abier types, the barrels are pressed into tbe block. 
hi eecb type a gasket is provid«l to seal the cooling 
syatcm firasn thft ciankease. AUiminnni gasfcete aed 
tbe joints between the cyHadar blocks and cylinder 
heads. The hn n^r spark-plo^ bu>jhiiigs and steel 
valve seats are ^Lnnik. or screwed and shrunk, into 
^ace. 

(4) €bnnec/injr r"di- The connecting roda of this 
type en^ne are of I chk^ .section and are forged of 
BteeL They are mac blued on all surfaces to retnove 
any small scratches which mi|^t cause failure during 
operaUon. The fork-end-blade type is generally u.<iea 
and each rod Is marke<i hy t he mamifacturer so that 
it ran be replaced in iUr. i yli]i(icr from wlii(.'ti it. was 
removed. The ijeai int; on Ihc hif; ond of the t o[i!i«-< t- 
ing rtui is an insert, whiln Um ln-ioiii;; on the pintou- 
pin end is a Iwonzo bu«luug presiseU in place and 
teaioadtonn. 

(^) PUim as»atMy. Tbe ooonedaug rod is at- 
tadted to the piston by means of a hardened-steel, 
full-float iiiii pisloii |>in. The pin i.s retained «ii the 
pi.-;ton by two cirdet.-i w hich Eiff?- lit ted in the piston at 
pijch end of {he pin. The j)i>.tt»ri is made of forged 
alkunintim alhiy and i» machined on all external sur- 
faces. Three groovw ar« |Hrovided above tbe^ston 
pin for the three oorapnssioA vbtga. On anme ^ffm 
of piston, a gnxwa is provided {ibr ooe oil luig abdva 
the pin and another belnw the pin. Other modfls have 
both oil rings in a Mn^la groove located below the 
piston pin. 

c. Nose aectiun. (1) The nose section of the 
craiikcase of a V-type engine houses the propeller 
tlirustbearliigaiultMprqgellnndi^ • 



some imrtlels ll also coiilains an oil pump which 
scavKnsftH the oil used to lubricate the nose^ectiori 
gears ancJ ltr:arin^^s. 

(2) The njos&^ection crankcase is usually forged of 
alumintuu tAo!f sod is bolted to the main crankcase 
section by nieaiis studs and duLs. The pcopeller 
thrust bearing, located m the forward end of the 
ndSEi sci-lion, receives the forward thrast of the pro- 
pdlfir find transmits it to the nose section and to 
thf, main crankcase seclion. 

d. Valve mechunism. The valves o£ V-type 
eDgines are operated by two catosbafts — oae on each 
bank of cylinders. Bock«r anas are also locojied above 
each cyUndjej: to tfamsmit the lifting moUon from the 
veaM itei. tl» Talv6 steiua. 

(1) Cf^faft. One camshaft is located on top of 
each cylinder bank and pvlpnds frDin nriR end of tlie 
bank to the ot her. The camshaft is inoiinti^d iii plain 
bearini^'s which are located between earfi two cylin- 
ders. Some models have llan=;f!d plain bearings near 
ttiedri ve gear to take care of thrust loads whJil«t other 
nki^e^s have ball beami^ for this purpios&jL,^^i(i»te 
esuai Ikponimded for ea6h tbcker arm, 

(2) Roeher arrti. Th(^ rocker arms used on this type 
engine magf be pivoted on the end or in the middle. 
They beat di^e% m lha «»ai9b^ iSeei^^ 
26b (3).) ' ^ 

(3) Vabe springs. Each valvft is Imld on i ts seat by 
means of multiple cQmj»re8sion springs, one inside of 
the other. The springs are held in place by meaos of 
a cone plate and splii. locks, Sfime V-tyi>e engines 
have one intiik*; and one exhunst valve for eat li 
cylitKlei', Other mwif^ls have two valvf^s of each kind 
for each t-ylinder. Tins faciliLates cool operation of 
the valves. 

(4) Valves. The valves are of the potqpet type, 
made of steel, and faced with Sti^lite or brigbt-raiy. 
!]rj]^§^.of the y^ve stems are haid^^ to imnimize 
"i^^frl^^ ^sme of the exhaust valv^ of all models 

of the intake valves of some mfxlds are parUy 
filled wilh sodiiun to aid in dis-sipatin-; h*'atfrom the 
valve head. Tin; vak e f;uides are ninde of east iron 
or phosphor-bronze ancl pr('s,^e(.l into place in the 
bead. 

Intak« sy^tenis. The induction system of a 
modexn V-type engine consists of a carburetor, an 

internal blower yr supftreharger, and the necessary 
manifold to contiuct the fuel-air mixtnre to the 
cyli[idei-s. On some modds, the internal blowers are 
of the sifi;,'ie-sj>eed centrifugal type. On other models, 
internal siiperchargei-s of the two-speed oontrifngai 
type ar« used. In either ease, the irapller is driven 
by a gear train fruin the engine crankshaft. An en inline 
that has a single-speed internal blower is Kcimeiinies 
nipped with an exhaust-driven turbosuprxeharger. 
hether or not a tnrbosupercharfrer is incorfxirated 
depends upon the type and nst; ol the airplane an 
which the enjjine is installed. The intake munifold is 
made of cast ainininum or iniif^nc.simn alloy. It is 
deijigne<i to conduct the fnel-air nnx^t«B» (o ''0j)i 
cylinders with a minimum of tm'bulenc«. 

f. Dxhaust etystfoua. The type of exhaust mani- 
iald iKied depends on th6 t^^ of the airplane rather 
l|tiXL Uie type of ta^oBb. It 4 turbosuperchargcr is 



used, the e\hasi>it iniinifold will i ijll*u't the cxhanst 
gases from all l yliiidcrs and direct them to the 
snperchar^jer liirbinc. If the turbosupercharger is not. 
empioyed, the exhaust system will be merely short 
stacks leadiiig from eaeh oylinder to the atmosphere 
or to a common exhaust ouUet for each bank, la 
either case c»rn)Bion-re«stant steel is used for eA 
parts of the exhaust system, 

fi. (.'cM>lin^. (1) Atr amiUu}. Pres^^urft-type cylin- 
der ballles are standard equipment on an air-cooled 
engine. Pfiessure bailling forces llie cooling air at 
hiffh velocity around the finned surfaces of the 
cylinder. This type of engine does not differ neatly in 
oonslmction from the liqwd-c»>ol0ti The 
cylinder aajeimbliea of t^is t]|^ig^||^|i|g.|l|^:«t^^ 
cost or forged individually. 

(2) Uqiiid cooling. On scaa^ nH>dels, the liquid 
used is a mixture of ethylftn(; glycol and water, Sys- 
tems of this type are sealed to prevent, the wator from 
boiling away at high altiLude.s. Other models use 
ethylene glycol as the cooling liquid and do not need 
tQ,b^Mal.^.^uiiC$.«siyh;le^^ has a higher boiling 
pf^f^ii^ q{ «jthy)ene glycol and water 

previously iueiEitiiHied. The pressure system is a 
closed system irMch has a relief valve to prevent 
exces-sive pressmes. The system using pnro. ethylene 
glycol is an open system which is veiUed to the at- 
mosphere. A ceEitrirngul coolant pump supplies cool- 
ant to e^ch cjlintler bl<x;k at two itilcts, nuc Iwaled 
at the coolant jacket and the other ut the retir of th# 
cylinder head. An integrally cast, iniet manifold ex- 
tends the full length of each jadiliMr diist^l^^ 
the coolant to eadh. cylinder through meteiin^ holes. 
The inlet at the rear of the cylinder head provides an 
opeTiing t.hr^iugh which the coolant flows to ths; 
pa;^sages surrounding the combustion cbanibers. 

h. Lubrication. Oil is circulated to the moving 
parts of the engine through a pressure syateni. Cir- 
culation is maintained by a pressure pump and oua: 
or two Bcav^eer pnm^. A constant diesiied presaur^; 
is maintained ny use m the pump and an oil-pret9suro 
relief \alve. The oil is supplied tti Ihe ptnnp from an 
esternal supply tank. .\n oil-inlet chetk val\ e (which 
prevents; the Mow of (.ijl from the lank i[ito c]i<;iiie 
when the engine is stopped) is installed iit th« inaia 
oil-pressure line from the pump. A presSMre of ^p- 
proximately 1 to 3 poundsper sini;EUi!e j^i^i^^^^ 
dent to open the valve, Tm, tm&'-y&i^-W0l^ 
located in the oil-fveseti^ J|f||e from the Cuno 6r' 
scTften filter or it may M ifteorporated at the dis- 
charge side of the pnmp. The oil is delivered to the 
Cuno filter where all foreign matter is removedi Oil 
from the llUer outlet is th^odistlib^tiB^i^ tjl^ 
ing pai ts of the engine, 

(1) Engine oil-pressare eontroL Oil pressures must 
be HulTicientty hi;^h t.o provide adeqnate lubrication 
of the engine and its ucccssnrics during maxhnuin 
output. They rau-^t not he t(K) hif;h or leakage and 
damage to the oil system may rfsnlt , To regulate the 
oil pressure in a V-type engiisr- , om.' of the ldM<¥SI'^o#: 
tyi^ of oil-pr«issuie relief valves is used. 

(a) Dtial prssstire type. In this type valve, two 
prr~ssure~regn!at ing valves are bull I into the same 
housing, tbee %. 70.) Uil from the pump enters the 
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chamber of the leUef valve thHmgh 
the inlflt port. Valv« A limiu the presaufe of Lhe oU 
deLivered by the piunp. Jf the pressure exceeds the 
Vllnn iot whkh this valve is set (uaiully liO to 90 
jKMHidt per aquare iodi} th© valvd uBseata and etus 
plus oil IS bypaaeed to the inlet side of valve JB. Tfal» 
valve is set to open at 4 to 8 pounds per square f odsu 
If prc'viiini ill the low-pressure chamber txcmls 
value Jor whicli valve B is set, the vaWfl <ipenrt and 
by-pRiisftt till U) the uraukcase. A small bleed hule tit 
valve A assures flow of oil into the low-presinire 
dumber at any pump pre&sure. Uigh-presaure oil is 
tuppUed to the cranksbaft and baamigB tbiotudi 
init C <|«M(ad im the back &« cf tiM onH). Hub- 
Vnenire oil b otao ccodncted from port /) to the 
fnmllw goverDC*. Low-piossure oil for lubrication 
of Ute nductioD glaring is fjupplinl ihrou(;h piirtf^. 
Port F, which is also connected to the low-pressure 
chamber, auppliea oil to the camshaft and the ac- 
cessorifla. Port <^ b an oi)-tbermometer cumuctuxo. 
A prcasura-gaugQ connection (not ahown in t^A 
figure) is provided im the fcont ol tbe unit. 

ib) Spring-cppoted baiaaad rwl^f valve. Aq Iq- 
itailatioii incoffporatiiig thu type of retlef valve is 
shown in figure 71, The valve conrfsts of a thnw-port 
housing which contains a spring- loaded piston, rort 
A in c o onected (Uvough tb« check vaiv«J to tbe 




tigurm-^it. '-^otidMm ituerpenMnf a «]pnMv4nid«I batouwt 

discharge side ct tbs pump. Kngine-oil pre^ure ia 
applied to the «nd «f tlw piston tbivu^ port B, 'tim 
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lindi to move the piston to the left. The epnug 
kw«t«d o«i the f^igndte end o£ Uw pioloa ^iifweeB th^ 
iiiov«meQt If engine-ojl pressure «xcMd8 tlie valt» 

for wliic h ttif^ valve is set, the pi^oa will be movfld 
to th(s left. I'orl A wLli then be connected to port C 
by the cul-£jway part of the pis(<m, and tlip, ourput 
of the pump w iU be bypassed li> Ibe inlet [mrt of the 
pump. When the procure drups Ltlow the value for 
which the valve is set, the spring will move the piiston 
to the iri^t and Uie output of the pump will again 
tM dkec4«d thvQne^yiei«UJII«r tati^ 
ea^on systmi. 

(2) f)// sitiiips. Oil sumps are local wl in the lowest 
part lii' \ \w riif;irie, Th«re are usunlly tu n nunips in 
eiii li ciif^iiit!, l ha housing of t!iesiiiii|i umy Ihm ;isl as. 
part ol" the maiii craiikcaae or it [n»> ht^ a sispaiiito 
miit. I'be primary purpose of the sutnir is to provide 
a well for collectiite t|K«ppi»oil so that the WAv^ 
ger pump (legated iniHiiirflEattp) may nlnni VH oB 
to the supply tank, 

{3) Scaifiiger pumps. The mttnljer of scavenger 
pumps ill ail engine may vary {mm otip to ihr^e, 
depending tin the size and type of thf fnii'mc '["he 
tlsuaJ praclice has been to locate tiiic wavrniier pump 
at iJie rear of the engine and one at the forwaid end 
of thocrankcaae or in the noae-MCtioa boutiog. The 
pmnp^dre locetediasuchaway-astopennitpontive 
scavenging of the oil at all litem during Donnal 0ight 
naarwuvi^rs. 

(1) MuiU'li/^m'Uifi laliricalion. k inr(?e lube in tttc 
iTLuiin ii.sc ilelivrisj nil to a drilled pas*iaj?fi in luwh web 
parliliotl Buppurt and lubricates the main l>f!uriiigs. 

(S) Cenneding-rod lubricaHon. Connecting pas- 
Wgea ate drilled in tiie Grankshaft to allow col to uow 
to eech ooADecting-^od bearing. CMl cpinafi thrown 
tma. Itie (-oiineotin<:-rnd l)eari9gi» lajafeliil the 
cylinder W illis and piston pins. 

{ ft) iSV uflii I' i, ui! i . J n some cn iHnes 1 he BIlAiLljiil^ 
inpi and tlie cxaukpin journals are hollow and fiued 
with special aiitiwinum-alloy plugs. (See fig- 72.) 
These fcovide paaeag^s for the lubdi»Ucu >et 
peiniit tlMOolhictlBD off««^ 




(?) Redadion^earing labncation. (Ml to lubricate 
the rt^duction-gear bushing and bearings flows 
Ihi'oui^'h poitBaj^ and hollow shafts to the noee sec- 
tion. Tfie reductiott gean «se faiatetKd bar qpny 
itoOL these uaits. 



(8) Propter operalhn. Oil under pressure is 
dizeded to the propeller-goveriior pad and cafrie d 
ttiwwigh the propetler shaft to provide the opoaliac 
p«BHai« for hydraulkally operated piopdten. 

^) Camshaft lubrieatim. A bremA!eadtttii «ha 
crankca-^c lube carries thf oil to the incfiltfld hoUoW 
shafts of the camshaft ilrise. Kram thert, ft pa»ee 
iuto the hollow ( Hinsbafl. At the heel of each cam 
lobe, a hole is located to lubricate the lobe and 
locker-ami mechaiusm. 

are usually provided frora t^e Cono tsk actetaU'wIW^ 
outlet to the :^ii[K-!n liar;;er ln^iiririfrs. 

(11) Acn-.'^ivry hhnrtiiioit. Utliftr drilled paasafW 
are inaji p<>i'!itnd to jirtivide fubiicatlon from tm 
filter outlet to each acce&sory-uuit bearing. 

(12) JnUmal oil drauu. Oil drains are provided at 
may hihdcated part of the mem, <H pas.sages at 
^oUi enda of tli« eamsbaft boosnig aDow the oi\ to 
drain to the craiikca-se »uinpB> The pun^ps draw Lba 
oil from the sumps and return it Ihrougb passagflS 
and Unea to tite oiNupply tank. 

L. A««c«inKlca. Most accessories are locatP<l at 
tbc nar <d V-type enpnes. Tli^ are gear-drn en i i> 
power ^iniitlM csrank^siaft 
located between ihb maScAMk vad Hm aooeesones 
absorbs rrankshaft vibration and piweots accderst- 
ing shwk from sheering the gear teetii. The aoc«H 
sories include the nenerator; ma^etosj fiiel-fiil, 
coolant and vacuum pump*! tacboineter generator i 
etei 

41. VALVE CLEARANCE. CJeaiance betweeo tba 
valve stem end and the valve-wtnaliiig pschaam 
ja necessary to permit positive valv*! seating. If cdhl 
clearance i.s in:<diHjiiate, the lEitake valve will he 
held crfl its seat, cauiuiig a htw in comprftiisi[jn and 
power output. Tlus coodiUon aUo causes bai kfirinR 
m^lbe induction system. If the exhaust valve is hdd 
i^of ita seat it also causes a loss in compression and 
power, and "after-Siiiw" will occur is the exhaust 
maaifold. Bundng ana warplog of the valve head 
and stem Tfi.<^\\t^ fnm the eecape of the hot flamai 
throu^'h the sinall operiii]^? between the valve &M 
and valve seat. 

a. Cheddii^ valv« clearance. 

(1) Remove cylinder vahre ww. 

(2) Rotate the propditt shaft until the cam roller 
is on the heel (low point) of &e cam lajM for the 
valve bring cliecked. 

(3J insert the conwt f «■ I er gauge between the end 
of the valve stem and the adjusting screw. (The 
«qmcl deoance may he foti«l inTectuoic^cd (kdera.) 
The Aauge Aoukl just alip into ttiei^^liBlg^ Midi IM 
next larger panpe should not. 

(4) If the valve cIcei ranee is not correct, adjlMt 
according to the pnKinliin! f;ivrii below. 

b. Adjuating vidve rlcHniucc, This adjuslinent 
mtttbbe made when thp enf^ine is cold. It la neither 
safe nor practical to adjust valve ciearancea when 
the engine is operating. Valves pbtHiid be adjusted 
at teraperatum betW CmWO- W 
and 123° F.). 



41) LooMo tht lode wA on tbe ^vv^AmMOM 

(2) Ifuko cktuwncfl is too ^aU, back out on th« 
m^vttiag »atm until the specifled fe«lw gauge can 
M intertMl between the end of the valv« sitm and 
lb* tarn* (Swl St. t^} Hg^itai wj^BitiiiK 




siTew until il. bpu,ra liylitly nn the freler KaugSf 
Ueitidvi^ the (jiiiigft, hold tlie adjiisliri{( ^rrew and 
Ughh-n llm lix'k nul. The clearance should be re- 
(diecked after the Iwk nut is tit'hLened. 

(S) If the deaxaiUA is too Urns, looeen tliA ad- 
juating itnw and proceed as in (2} above. 

(4) Ciiff shrnild lie e\trc-irf'd to kt'i-p the aJjusting 
■crow iunn turniiig when the lock nut is beiiut 

42. VALVE AND IGNITION TIMING. AFler a 
new tingino is designed, and ihe; firstmtHlcl |>t\KluciHl, 
ft it installed on a test stciod and operated. During 
operaticui it b werated at difleitEiiit ^pe«la, cm d^ 
RnQt grades of fUels, and the valve and ignftfiMi 

timing are vnri'^tl. Durinj^ thpse tfsts an iirs iiriitf^ 
record is k<^p( nf thn brake hor(jf?p(i*\*;r <lrv(dii|H'd irf 
\)w i-n^\m\. I'Viini tfit'sr; dats, tisft dii^iij^n (Mi^lufiers 
selft'l I lie l«-st I i mint; I'H" the valvea mid i(,'iilli(in. It 
is )rn{x>rtBn1. IhcnMore, thul the meehiiiiH! f inie the 
engine exttcily as specified in Toehnii til Onh^rs. For 
litting the valvea and ignition of a V-type vngine, a 
top-ceot«r iiKUcalor and a ttoiuig disk are used, Tb» 
Va^osater indicator is used to locate the topnlead- 
center (TDC) pttsiUan of the jpi&toti. The piiintcr 
and the tJmin); diiik are used to indkate thf^ arimdnt 
of rulytiun <)f the LTaiiksliuft. Tlie iiH lliiMl of using 
th(^ ctevices U deacritwd in the timing prwedures 
which follow, 

a> Checking valve timing. \'alves am f>pein>d by 
movement of a cam and cli>sed l)y siiriiiK Itrnsitm. 
The «hape of the cam lobe detemiiiies the opening 
and obsmg speed of tbe valve and the length of time 
ItQtajrsopep (indegreesof crankuhHfl rolril iorO. Tlie 
orankshart is always turned in the dircciion ^if mla- 
litm during liming operations to eliniiniiic n 1 1 tr^ I Iml 
migitL be caiused by gear lasb (deanmce between 



gear teeth). One purpoae in checking valve-opening 
aod valve-doeiiig pouttons (in lelalicm to piston 
poQtttcda) is to detranuiM tbe anMtunt of vear thai 
exists in the vatve-operating mediamian . A few 
degrees of tolerance are generally permit led for cod- 
tinuf^ ojwratitin. Any toleraiice preiiler than that, 
spetilied in Tti^hnicul Ordi'rs r«|iiires that the valves 
be retimed. If this d<H>^ imt correot thfr jt^opifitlpa 
the ei^ine mtist be overhauled. 

(n Chec^tpv vxhe tuaing m mgimm^ lipM- 
haad jppopeSemtalim. 

Step I. Beroove the cylinder valve covers 
and r.hri'k Lhts valve clearances. If 
nnctiN»aryt adjuiit to that specilied 
by TeoDO^ ^Mxxa* CS«» pai. 
«. «.) 

M^iflf. %• iDStall the top-center indicator in 
the No. 6L intake agack-j^iii; 
«!pailng. ' 

^li^ 9L Remove the ninimr'to cover and cam 
Brrew. [ii>ljjtl the timing di^k and 
the [XHiihT on the magneto huiis- 
inK. lie sure that the step of the 
pointer is properly placed with the 
Step on tbe m^cteto cam and. ee- 
ratnd with theapeeMs^Mnr^ 

SUt^ A> Rotate the propeller shitft until the 
lop-center iodicator Bbofrs that 
No. 6L piston is at TDC The rela- 
tive position of No. IL piston ij 
theKuniftas thn position of Nu. f>L 
pii^lrm because btjth pislonJi are 
connected to crankpim which are 
of the asme angle on the craok- 
■faaflt. 

8I9 $. Qiaeking ralres of the lt;fl hank. Ro- 
tate the propeller in the normal 
cBrcrliim of rotation until the ex- 
haust valves of Ao, (>L cylinder 
are closed. Thi": pre>sure must lie 
lemovcd from the rocker-arm 
nOere. Check the reading on the 
iotter scale of the Uming disk- Thi» 
Nadiog diould be that Bpedfied in 
tbe Teotuiical Order of that en- 
gine (for example, 26' + 2" ATC), 

Step 6, Chirk imj Ute wlm of Uw righl bank. 

The ne^t valve to operate is No. 
SI I (ri^ht bank). Bolate the pi'o- 
petler m the noRDsJ direction of 
rotafka oiitil tbe exhaust valves 
vi No. 5R an dosed (preswre is 
off tbe nxsker^m roller). Check 
the riiidiiit: nn the rmVr.Trcfff of the 
tidiiL^ ili^L. The readin^j; shuutd Ije 
tliut MtK'cilied in Twhiiicfll Orders 
(for exiimple, 26" ±. 2* ATC). 
(2) Checking i)ah»mUnfiimm^m«^^ 

Slei^ 1<. The fim six steps of this procwdiow 
axe the Bome asBtqpe 1 wrongh 4^ 
(1) above. 

imCSieekingvakesofflicnijIdlHink, Hfj- 
tate die piopelkr in the uurmal 
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directi<»Q oi idatJon unUl the ex- 
Itaujst valves of No. IR are ckwed 

(pt«3Sure off the rocker'Snn 
Jotler). Th^ reading: on the miler 
scale of the timitiK iit^k sliould be 
that specified in Technical Orden 
Cfoc example, 26' + r ATC). 
(S) Chaking &e miW Umms ef a V^jw €agiMi»' 
wpot^if^ a timmg-uapedkia opming. ' 

li Reiiiove the cylinder valve covers. 
WbSgi ^ Branove the tnuio^-iDspeclkm plug 
which is located in the crankcaae. 

Ckerkiiif/ She ruirrs vj (lir ri;{lil Ixiitk, 

AtljtlSt the tUpjKn' l llMl'[U|(-t' HjftlllO 

lit l iie iiHukii vn!vi>s nf I In* A 6 
cjlinderri (or l\n. U r^VuuU'i- iii Uie 
right bank) tu tlial sjii-rilu'd in 
Technical Orders. Be sure thai 
. roder h on thei bfiM of the cam 
lobe pointing away from the rock- 
er arm wh^n tbb clearance ia set. 
Rutiilc ihi'^ crankshaft < niiiiieirclock.- 
wise (ifrfikinp fruin llie rciirof tbo 
enginf). Olj>rrv*' the inn\ crnf-iil of 
thecrankslmri cuuyliiig lltuige and 
when the mfirk "X-6 I-0**'^(A-6 
intake opening) approaohes tfa« 
painter, stop the rotation. 
TnsfTi a O Otiri-inch f«'<>l«'r belween 
iiiv. prtn jimsly adjnsli!*! A-6 t yHii- 
(l«r-intake valvt! ami lupprl, llien 
conlinue rotating tiia cmikshaft 
^] >^^ ly countAfclockwiM tmtil ^ 
feeler is just {rinched. 
pluiwkthe position of the crmikiihaft 
obeenring the poaitioD of tbe 
timing marks. If trie marie "A-6 
1-0" is aligned w ith (li*' jjiiinlpror 
wffliin 3<t '"'^1 l'-'^^- ll'* valve 
liming is currcrt H She puinter 
does not re^'i-'iter within these 
limits, retime the valves. 
Step 7* Readjust the intake tappet to that 
clearanoe speciCed in Technical 
Oidera (example, 0,010 inch) and 
rdnstaU the cylinder-head cover,, 
using a new [gasket. 
Step 8. Checking ihe mliTu of ilw If ft Ixink. 

The valves In tliis h:itik iiri" i hrck- 
ed in tkt" siuim inanritir as the 
valves in the right bank, except 
that liu) B-l cylinder and ^ B-1 
jf^dMiic an oMd. 

^} Ym#4vnvr^ procedure for a M-fype ^ine 
Wm righi-h<md propeller toiaHon. 

Stw 1. ChieQk valva deomeN. (Sm vm* 

Stofl & IlMfeuL the propeller-shaft wnttdh. 

When timiiJiijf the enf;ine the tn»» 
clianic must hfur in mind ihfl^ 
these enginos (([htliIo ^vll.li left- 
hand cranksliiill rolatinn. This 
rotation k d«ieimiaed when view- 



fag tha eTi(rine from the rear or 
ctartec4taa£t end. Also bear ia 
nifnd that the Rtarter ^aft, on 

whi<'h the timinj? di<k h nHnintffl, 
will rotate in the oppu&ile Ulfcc- 
llon frnm the Cfaiildaft» tkati^ 
right hand. 

netohouKRg. 
Step 4. Install the tofHoeoter iiidicitQr in 
the intake spark-^lue opening of 
No. filj cylinder and locate the 

'I'lX; iiositiihfi of the piston. 
Step 3. Sri tlu!: [loLiiter of tlx; liming diak at 

(r when iheTDc [joiiiLianfl* Ntt. 

6L piston is located. 
Sb^ $^ Ftem TDC podtitm rxttate thf> pro- 

pcj^ shaft ooonleiclockiriBe iintE 

tna pointer resistAs about 60^ 

Step 7. It must he borne in mind that the 
pni[iel!er shaft must always \>e ro- 
tated in 'lis normal direction uf 
rotation when making a reading 
on the tiuung dkk. Rotate the 
ptndlw diafl in a ckickwiie 
mewm un^ pointw indicates tbe 
oorreot number of degtees ETC* 
This may 1m fted ia Tet^^ 
Orders. 

5U^ B. Rotate the left -bank oanii^fittf I (Svi Ml 
the special camshaft wrench) until 
the in take- tappet clearajice of N& 
6L oylioder is just takem up and 
llii Vihraa m mgrnmiig ta opee. 

Stop 9. Hemove <he camdiaft wrench and 
install the beveled camshaft gear 
iltLii tilcsevenbDilholr.slinf Up 
v^illi tlic flange on the canisliafl. 
Install niit^ on two of the bolts to 
hald the gear while completing the 
check. 

St«p 10. Botate the propdlec shaft clockwise 
tmitit the 0]diaust valvi» of No. 6L 

close. The exhaust-valve cloNin;; 
position ifl noted (for raamplf,, 
26° ATC) on tli« timing di^k. If 
the pasitiuii dues not check with 
that Kiven iil Technical Orders tlio 
camuiaft abould be readjusted so 
tll«t the differ^ioes of the iitfdw^ 
valve opening and the athaiMl- 
vahre dosing petition frnm the 
Iped fie d values are equal. The 
intake-valve opening time and the 
e.thaust deeding time shouiil lie 
1^'ithin +2* of toleraucc of their 
Bpeci6fldpodtions. 
gl»jp U. If tUain« is oonrect, install tb» »^ 
maining five nute, tightm'ti^ 
safety with cotter keys. 

Step IS. The valves of the right bank are next 
timed. Rotate the propeller shaft 
clockwise mitil the tinuDg diak 



£0 



reada 60° ATC which h tN top- 
dcad-ceiiter p<»ii1 Imi tif IIir No. fiEl 

Kiston. Siiice the intake valve of 
fo. SB should open 48" before 
TDC, the propeller shaft is ro- 
tated in counterclockwise dirco- 
taon 48° which wiU tt»i WA.TQ 

Stflpll p flH httUulk lor CUb ir 

readm^. 

8Mpl4. R<.<l£it(? the canisliaft of the i^t 
bauk ao that the intake valv«s of 
No. SR <!y]itid«r are just begioakiir 

Step 15, Triittall the camshaft gftAr 6S taea~ 

tiuiitil ill .stfp 7, 
Sup 16. ilutaie the pri^potlcf shEkl't cLockwbe 
to the exhau^it- valve opening poBi- 
Liuii and check the reading on tfaa 
tintiiig diak. 
Sbi^lT. 11ii»inidiQg is apeciaed in Tvckn^ 
cal Ordm (Tcf example, 
This is also ihn i cijMiftad-ceiilw 
position of >o. 5H (26" ATC) 
piston. 

p18. EKvide the diHereiice helwron the 
intake-valve opening and ttie ex- 
hMost-valve opwing po«ttCHl.4§ it 
wti3 perfonmed in Bt^ 11. 

(2) Vatri!-tfiiuitf) (fracediire fnr a V^lypt' i'luflnf. t^fi^ 
hfi-hamt pnifH'llfr rolation. The pnifwhii*' fur t inning 
the valv r>H til' uii engine of thirty pe in thcHHiiic fiti the 

procedure doecribod ia a(l} above^ «Kce|rt> that tha 
impeOor riu&nill Be^rotetoi telbe efpato ^^m- 

(3) Vajf^uning jmcabm Jo- a V-<ype #WmB 
inatrfMtrulimj n liming im^etUoii'e^teHiat. Cs) Timin§ 
iht rigid UuikJktL 

Sttqp 1. Reowve the cylinder head cover. 

Step 2. Rflnww« the thrust cap from tko 
\tppet end of the vertical spUned 
t atmiliari drive sih;*ft , 

Step 3. Ueniove the timin(;-ihsjX (.tiiiii plug 
located in the craiikrase. 

StUp 4. Lift the spliued canisbatt drive out 
qI meah with the bevd pinion 
(fig. $1} and tie it with a cord 
or iTibber hand in the oat of mesh 
posit [oil This prrrnit-'i cam- 
shaft to <lisctij:a^'iHl friirii ihe 
crankshaft. Tln^ iiiin>}isii"t ihcn 
may be turned iudependentl^' of 
the crankshaft. 

Step S. Check the taper pin which holds the 
thrust plug in the u pp«r end of the 
drive shaft to niukn < (Ttafn tlia^ 
it is securely in positiiiii. 

Slqp i. Ruiate the camshaft and set on<^ of 
the intake val v es of the A-6 cy lin- 
detto tliB specilkd clearant^e. The 
locker must he qb. th« base of the 
earn and the point o£ the cam 1^ 
jbq^Im iMiiitiad upinifd.. 



SU^ If Rotate the crankshaft counterclock- 
wise (looking from the rear of tb« 
en^ne) until the timing marks 
"A -d I-O" on the crankshaft 
coupling; llaiige aligns with the 
pohiter. 

Sti^ %, kk$en a 0.005-inch feder between 
the nrevioosly adjusted pylinder- 
intake valve and tamHt. Rotate 
the camshaft until the feeler is 

jiL-At piiK'lipd. 

Step 9. Jleniiivi- tln^ mrd or nibbpr kiiid 
that Js }iiiidiii^ I h<M!mn:>hfit't dri'tf! 
and t:ar«)iiili> Uwit il to (siigage 
both the upp<^r and lower cam- 
l^iaft drive Ae^. Only the weight 
of the diart in to determine the 
engagement. It may be nueg^nry 
to try sev<>ral diffemii pofiilionR. 

SUi» ItL With El iLiKG',;})! )i ff^ttr between the 
A-h t \ liiKicr-intake tappet, check 
thf I iiiiidL' as follows: 

Wbs&H. Botate ihe crankshaft backward 
(propeller vi rotated tjodkwise) 
about fuie-eighth of a revolution, 
then rututc it i^luwly in nunnal 
direction ofiotation. Stop rotation 
when lb« feeler is just pinched be^ 
tweeu the vaJve stem and tappet, 
{When it is in»1 pract icable to rcf- 
tatethe crank:,liiifi liackword, ro- 
tate it two tuniplete revolutioiu 
ia the iLurmal direction and stop 
when the O.OOS-inch feeler g»ltge 
is just pinched b^weea llitt Vidvo 
Rtem and the ta{^>. 

^ta^lL Check the poeition of the crankflbaft 
by tbe timiiig inaiks. Hie timinf 
marks " A-fi 1-0" should be align- 
cil i^idi the [Kjinier or witllin 
iiidi \ni^\. If ilie puinter dcMH not 
resist <>r iviiliin l hcso iim^ repeat 
tJie opi^rulions listed. 

Hip IS. Ecinstull the canoMhaft drive-sliaft 
thruiit cap, talpt waaber^ and mit«. 
Tighten the Uiito Beciimely and 
bend tbe tabs. 

Step 14. Adjust all exhaust and intake tap- 
[M'tsn til Ihe proper dearanre. 

Step 15. he ins till I the timing plug and cylin- 
der-head 60m, ma^^mm^mm 
t'ahket. 

(b) Timitij/ llie Ufi bank first. Thisprooediiieistbe 
same as that given in (3) (a) above. ||a@9f||t^ li^t flie 
irj^iiufer and B^l 1-^ are iiKed. 

c. l^tiitjoti ticniii;;. Tn tinn- the i^nllion, the 
magn(?todri\psliijfti< lurru'd until the breaker poitils 
are just r<"adi, 1ih>|hii aiid Ibedislributur rotor is set 
to direct theturrenl to lire the t harf;e in the proper 
cylinder. The magneto is Hk'ii placed ou the enf.;Lne 
and the ma^ebo drive shaft is engaged with a 
vemifir-oouplmg ibaf L Tbe other end of this coupling 
is engaged with a shaft which is driven inttirectly by 
tiM cxauk^iaft, The coupling used in (me V-typa 
ansioB ^ 12 imamal-qtiMa on 1 ai»d 11 co^tpial 



splines on the oLherend. The intemuJ Kt>l)»«^ engage 
Iw magneto opuplii^ aiid the eactornal spli^ 
the nu^nflto drive e£aft Tl» diffenoce in tbetiVQir 
ber of uUdm makes it posable to nleei SB «4pcii^ 
ment wKich win kiv« very acciint« tindDg. 

d . Timing specifications. While all modck uf a 
Kimtlnr lype ha\e aimilar tiTning spt^ifiriitlons, tliey 
ore not exactly the same. J ^Ain L sfM-riltt iil inns sihuuld 
be checked in the Tet ltuical Ordeni. tor exaitiple, oa 
uiic V-12 engine nQudel, the iiiUke valve opens $V 
beTom top-oeateir, tlie estbaust valve open« ll* before 
bottOdMiftiter, the spark €miitsaia in the exhausl ayaik 
50' Won top-oeater and in tb« intake sgsak 
piliij^' 4$° before top-center. On another mod^, 
iiilukf; vfllve opftiii; 48" bftfcire top-cciiler, the tBt- 
hbiisl. valve opens 76^* Let'ure btjllom-center, the 
spaik tM:i-urs ill the fixhaiisl spark pKig ln'fuid 
tofi-ceulei', and in the intake spark plug 26" Jjelure 



48. INSPECTION AND MAINIENANCE. *. La- 
spec tion procedunw (iweetiotis an "ptttanaeA Ott 
an airplane to locate and correct minor troufaAm 

lu ffirc they become serious. Tliey sliuiild be per- 
forritriJ in a sysldualic manner itnd the porLii Ui be 
iik--[ii-rlt'<| sliiitild ha tburuti^'hly deanflQ to erabte 
tbe ineubaiiic to hxrale i^mall iluleuls. 

h, MaititcnuiKrc require; in cuts. It the me- 
chanu^B dutv to keep tb« airptane in flying condition 
as mut^ of toe Ume as possibta. To do ttii», be ahooM 
be able to reeoKnize trottUes as aooa sa tJuiy appear 
and to detemune accurately the cauaas of these 

tronblf.s. A mpmlier of an airplane j^ruund Ctew IDUA 
lie knniliar v.k\\ tuaii> tvpoiiaiid models of the units 
lli;i! t uin[Kj«e a powerplaiil. 'Ilii^ iiidiviiiiiul iiiiist be 
;(ijlr to hujidle inaiiileuaiice and rHpiiir wilbunt add- 
ict;^ [a the durnat;e or malfnm'tiuJi alrcjidy piociit, 
Whetlier the turpiaue has ixaebed at malTuticUau is 



due to nurmal wear, the mechanic must know dS' 
finitely wtiflt action to take. If the maiDtenaaee 
requiied is not of a nature that can be porfonned od 
the £dte or if it fequdies the work of a specialist, the 
part or unit is removed and one known to funcliun 
properly is iuslallfHi. 

c. Minor repair of subaaacmbltes. Some of the 
repair unrk I hidi it d<w hf tb« aitplaiie iwli^ 
ia listed below. 

(1) Hie Cuno struincr ur screen filt» is removed, 
clean nl with kerwene ur gasoline, coated with 
engine oil, and n|daced whenever necessary. 

(2) Loose connection of the iKnitko |KM1 
Mhielding are tightened or reaoldered. • 

(3) Loose or leaking connections on fuel and oil 
lines are tightened. If lij^h leni tig does not correct the 
difficult^', the linf [r}>!l;iri-d. 

(4) Faulty cuulant-lK)^ coimectioos are corrected. 

(5) The coDlant'punip packing nut is t^ttsied 
and new pockiiif ii imiiiiiliwl wimmm i 

(6) ^'alve aid ipraa 
lemiued. 

XT) Vidve clearance h adjus^ted aa needed. 

(8) Cylinder hold^loTO.mHa Mtti^^itwiwl pitSiA- 

ical I y after overhaul. 

(}/) The oil- tn e wuiD Kittlf vilv« J»«|j«^ 
ever necessary. 

(10) Magneto points are honeilf ^B^Alr fiftbed. 

d. Ri-placemenia. Parts that are damaj^ be* 
yond repair or that I^^ire tlieservir:c of more highly 
trained penoonel art replaced hx, tt^ sirpiiaiw i 
cbanio. Some examples aie UstedlMGiiri: 



(1) Leaking maiurold gaskets. 

(2) Broken valve springa. 

S3) Dcfw tivc \a\yi: tapiiets. 

4) LlcfccEivc i};iiilioii wirinp. 

{z> ) Dcfpct i V I" tli s I li 1 HI tor heads. 

(6) IMiective engine aocessocira. 



Section vi 

OPPOSED- OR FT.AT-TYPE MitCRAFT ENGINES 



44. GENERAL. The opposed- or ilat-typ« aircraft 
eagtne is sometimes refenred to as the "pancake" 
type. The term "paaocake" is penprally used! to refer 
"to an opposed engme vith a griiater uuiBhei' of 
cylinders than thoee us«i in the Army Air Forces 
at the preseaat time. Opposed engines of low horse- 
power have bfifiii uscfl far some lime, but high- 
horsepower engineij ol this type are being developed 
for horizoidal UKMmlttig iut tba ^t^Eiga fii air:> 
planes. 

a. Cylinder arrangieinetKtSt The cylinders of aa 
mm^st^^f^ v«nniie ace artaoKed in two baaba 
IM Milks lire 180*^ apart wfth 1^ crankshaft 
beSween them. On low-power engines, the cylitiders 
in each bank are not directly opp<)«it<5 *arh other. 
Instr iKi, ihe cylitidei's of unt; bank htk HMtrlitly in 
froiit of Ihe cylinders of tlie otiirir hank. (Cylinders 
arraijged jn this order are said to bf; dufffjcrcd 
as shown in figure 74. The cylinders of an opposed 
ioBgiTie are usually numbered with the odd numbers 
on the left side of the powei^Jant when ob^^ed 
from the of the engine. Tlie ti^liiHkar dit ttilei: 

^d« iiseurest the vsm Hi th« lat^M il 
'd^«fi£Q[i(^ as No. 1. 

^ |*« ifSimjg cifdf T. The firing OTdi^:l9 tibe sequence 
,xei t^^i£cli the power events occur ia i^ne^^lindeis of 
an «ngine. On six-cylinder opposed ^twfaMai^ ihe 
firing order is l-t-5-2-3-6. TliM &^m^e^^ Mm^ 
modd fuur-cylinder oppwed ea^Deii!^^4^^#€^^^^^ 
ou anollier it is l-i~£\ 

45. CONSTRUCTION CHAR VCTEKISTICS, a. 
General. While all aircraft cTigines are made up of 
paitd that serve simiiLjr piirposisi, tfuse parts may 
differ in shape on ihe dill'erent tyjpes of en^n^ 
Tha nie(iaiini)e:.difflgiM be 

b. Power section. The power section on an 
o|ipci«ed engine is made up of the main crankcase, 
the crankshaft, the connecting rods and pistons, tlie 
eyiiiiders, the camshaft and other \aKe opiisijati}^ 
mechanisms, and the necessary bearidys. 

(IJ Crtinkraife, The crankcase is made of two 
balves of cast aliwiiuum alloy whicb are bolted 
toil^ef inl^feig;^^^^^ lltese two halves bave ribs 
in them itrhScb hold the maim crankshaft bearing 
inseiis. The cam^aft bearings are aiso in the main 
crankcase. In some engines, babbitt lined inserts are 
used for the camshaft, while m others the aluminum 
alloy itself Is thi: iit^aring material. The oil stinip is 
localed in the lo\\fT part of the maui craidicase 
,|HSctiun. 

{i^ Cr^rnksbafL The crankshaft is made of forged 
steel and tiie main and crankpin journali have a 

proiuid finish. It has pasisages drilled thruti^ih it to 
decrcasft weight and tu provide for transmitting the 
lubricating; oil. The crankshaft of a four-cylinder 
opposed engine has three maiu b^irings while that 



of the six-cylinder engine has four. In each model 
there are twu crankshaft throws between each two 
main bearings. The front nmiit be^^irii^ TlOK[ h^ a 
plain bearing with a -^^^ tdji^e^ ^^rvo^^ 
propeller. In aome case^ fhe^^feaiitjiaaflliL b^ea^^ 
thrust-type ball bearing. 

(3) Connecting rods. The connecting rods are 
forged of steel and are generally of an H cross- 
section. The big-end bearing is an iiisert-t^pe bear- 
ing. The piston- pin bearing is a broisze bushing 
which is pressed in and tbdn leuned to si^e. 

(4) Pistons. The pj^ton$ art; matd^ of aluQunum 
alloy and are provioei wit& thiBBjpiston riu^ <M 
some models and four on others. The piston pins 
are made of hardeiie<l steel and are of the full- 
floatiiiji type. Tht;y are prevented from rubbing 
against the cylinder wall by aluminum-alioy plugs 
fitted into each end of the piston pin. 

(5) Cylinders. The cylinder assembly of an 
opposed engine is composed of a steel banrel and eai 
ajjpniijimii'^oy head. The bead is sra^wed and 
i^^ii-tmk <nito the barret. In sir-cooled opposed 
engiufts, the outiiide surfaces of tlift Cylinder head 
and barrel are provjde-d with the ctKilinf; fins. TIse 
vah e AiYtiiA and valve guides are miidn est Ijun/.t^ or 
steel and are shrunk (or shrunk and rolled) iuLo 
place. The spark-plug holes are also lined with bronze 
bushiugs. ITie Uquid-<xi!pd^ type of opposed eD<dne 
has a cooling system diimliir to "^eA Sm imiSf 
liquid-cooled engines. 

(6) Vahvs, The valves are of the conventional 
pojjpet type and ;nt^ niade of steel. They are cliMud 
by coil springs whicii are held in place by cone 
washers and split locks. 

c. fiom ast^jtiiH*.^ Tli(i! nose or front section of 
tins type of ^^pygp^ cast or forged ^ a 
part of the pc/w&e i^i^^ast, li, w^k)B^ t% pnj$p#(if 
shaft and a thrust Bearing. 

d. Valvft raccliiinism. The valvt^s are operated 
by a cani>jhaft and a hytlraulic valve-liftini: mechan- 
ism. The hydrauUr valve-lifting mc<:haiii»m auto- 
matically compensates for tuay chan|^ in the 
length of the cylinders due to cqmbfUstitin heesl, so 
tbat valve-clearance adjustment h not necessetx^ 
The valves-lifting force originates at the cwts^^Um 
which is driven at one- half crankshaft speed. 

e. Induction and exhaust sysif ms. (1) The 
induction system has an individual pipe heading to 
each cylinder. On some models these pipes are con- 
nected to the manifold by short sections of rubber 
hose held by clamps. On other models, one end of 
each pipe is bolted to the cylinder by means of a 
flant^ and the other fita into a joint in the 
manifold. On anotiier type, carburetor is 
mounted on the Oil sum p. Jn this tyiie, the fuel-air 
mixture flows from the carburetor t hrouf^h passages 
in the oil sump and out through uidi vidua] pipers to 
the cylinders. (See iig. 75,) As the mixture travels 




lliroiii^h llin passages, heat is transferred from the 
oil tt> 1 he fiicl-air mixLure. This cocAs the oU to some 
('xt<>iit ami pjt*yidM«iHi6jiiai|ltarba||aririqpa^^ 
<rf the fuel. 

(2) Exhaust g^es am conducted ihrmigh pipes to 
anoimiaiinring unit (miifllira') and tb«a to the kUa 
«f ^t|n|Hieivlie»tiiqr«mnlMBML Tbeexhaust- 

steel. 

f. CcK>ilii^. On iirf'sPiil -ikiy ulr-ciHiii'ii n|ipfM4Ml 
^li^iiii-s, u ballle IfKated above eachbaukot'cylinderB 

din t trt the air b0t#9$a ttj^diand tli» «yUxid«f 
cuolitig lira. 

g. Lubrtcatlmi* The oil Etoervcir ie in the lower 
put of the crankcase. Iliis arrangement b called a 
wet-sump-type oil aystem. Hie on pump draws oil 
from this re8en"\>ir and fort'es it. Ihrnu^'h d scmni 
ami out (hrtuifjh the lubricating '.systriii. I tie 
c^Eillk^lul^ riiiiiii mid crank pin jtmrnals. the cam- 
shaft bearui^ and the valve push rods are lubri- 
calad fay oil uoder pressure. The pi^sutn piuSt 
{HBtoiu, cylindfiT walls, valve guides, valve %&pa^ 
and geara are qilaish- or apray-lolmcated. The 
oil tbia drains back to the reservoir in the bottCHD. 
of the crankcase to he recirculated by the pump. 

I>. Acrfstiurics. The accessory h^.lllsill^' jj^ maile 
(if iiliiini[!im; ;i!h)y and is hDlled on tlin rear ul" ttiti 
iiLiiiii riiinki Msfi sf^cliuti. The accessor i^'s. such sin llie 
ceiioTulnr, tnagiietui), and tacbioai&ler drive, are 
Bolted to t!ie accci^ury gcctioil aSit lii&va 'l^ ^ 
crankshaft through a gear train. 

46. VALYB AND IGNITIOTI TIMING. «. 
Iniptirtanoe of proper timinj;. Aftar a 1MW 

tiipijiR is dpsifriied and the first model U romplflted, 
it )s iii!itj|ilUi^l uit a te-'^t stand and ijporattd. uuriiig 
Jipfrsitiiin. ^^^^i^HJs fjiades uf fuels airt; iisml. lha 
enffiiie is operated at variuiL^ speeds, and the valve 
ason ignitioD timiiig is varied to airhiose the beat 

dbnnance. An ftoci|int« v^eocd is kept of tlw 

' The design engineers, with these neofda at hand* 

de<jlde on the b«^t tiining for the valves and iffnltioD. 
It in important, tiierefore, that the me{-huiiic timft 
ail enpiiie exactly as specified in Teehjut-al Ordere. 

h. Timing iiictliode- The opeiiiiij^ and cUMting 
of the intake and ejJiaimt valves at the jiroper time^ 



and the piopet tuning oT jniiljoa essential to 
the eOIdflnt p a rf o mi m el tlM finc^tnaikfr^sde 

engirie. 

(1) Vah-e liming. The valves of an opposed 
engine are timed by meshing the marked tooth of 
the crankshaft gear between the two marked tMh 
on the cautabaft gear. This can be polbemdd 
vben th« nosa; section ha« been removed. 

(2> J/}nilim I i mini/. To time the Igiiitian, a 
timing disk is plLn i'd <m ( he crank-'^haft sii that, the 
marks im ths; disk and (in l.h(^ rraiikshafl arv in linn, 
The timing disk is then fastened securely Uj the 
crankshaft— usually by ineaiis of a clamp nul. The 
crankshaft is rotated vntil the No. 1 piston is at the 
top-oeotflr of tiije compression sboW 'Hie com- 
pttBwm. stroke may be identilied by placing a 
timmb ovw the sprtrk-plu^j hole while the crank- 
shaft is rotated. Tin- Nr. I piston will be at top 
center when the itmrk on \Ui.: liminf; pointer is in 
tine with the uppor inint *if thfi main crankcasa 
section, Thecrankshari is then turned backward 15' 
to 30* dependiiifj on the model which is being 
timed. The engine is now in firing positioii 
ready for the installation of the magnetos. RKAe6M 
the magneto driva ^aft until the marks on the 
geara wMcb tbow thn)URh the inspection window 
.are in line. Place th*^ insifjiicto on its mounting pad 
stj1lmtit.s drive pear nifshi's^ with t tip drive gear inuri 
tlie enf:iiie and li^'htwi Ihn innimling bolts fiii(,'er 
tif^ht. PlacK a (!.(}(> 15-inch lliickness frauf^e between 
the breaker ptwnts and rolule the inaf^ncto hark 
and forth until the ptiint at which the breaker 
contacts are just separating is found. This point 
will be indicated by the release «( ifaa tbkkneiis 
gauge. Tighten the bolt* to bbH magneto 
securely in place. 

c. Tiitiing spiTrifirutioiiH. The intake valve of 
one model of an opixjised cii|jlii(f is timed to open at 
10' before top-cenler. the exhaust valve opens at. 
5ff* before bottom-centar, and the ignhkoi mmA. 
oooois tA before top-center. On another inodii» 
the intake vaWe opens at 20* before top-center, tli^ 
exhaust valve optus at fi'i' hcfnre bottom -center, 
un<i the ijiftiitittn s|piirk orcnrs at 1,')" before top- 
c<>jit,er- On anotln-r model, the iiitiike valvi! upviM 
at 21}'' Jjefore 1o[>-cfn1er, llio exhanst valve opeiia 
at 65" before lK>t.tiim-ccntcr, and tha ^jOrSlMI 
spark occiiTij, at IS" before tvp-oenter. 

47. VALV£^LEARANGE ADJIISTMENT. On 
mgines using hydraulie valve Ufters, lu valva- 
clearanee adjaafananti gi> i MCeMit y b e M i cMt engine 

overhauls, 

48. INSPECTION \M> M\I>TENANCE. In- 

qnctions are perfo^nlt:^{j on an airplane to End and 
cmrect minor troubles before they beoocue eerioin. 
The in^tection abould be performed in a systematic 
maimw and the parts being inspected matM be 
thofonghly cleaned. Careful inspection will prevent 
atrcidenLs, 

a. Main ten an<:e requirements, it i& the duty 
of an airplane mechanic to keep the airplane in 
flyinf ooodition as much ot the time as ptasttd^ 



Hi3 jiili is U> repair and miiiiikiin. B> jicrUjdit 
iuspectiuiL tie can locate and correct mvnor fuilurc^. 
If aomo [Art cauoot be repaii^, or if mure highly 
tiainsd MMOoad is required to repair it, he »bould 
nolaoe the unit. 

b. Hinof r^mlr of eub«»*emblift«. Some of the 
ve|Hitr work that an airplane mechanic must per- 
farin (in o[>p(W(Hi-lv [jc oiijiiiiPsi is list«l l}f>Iow. 

(1) poHf<v] s|,)ark ]>lii(,'S tnmi Ik^ rloaiied. Wlien a 
nerk-pltJ^ rlpiinlii^' iTuirliinc- is liviiJlahle the spark 
nugs will be cieaut:d uiid re-eapped atxurdiug to the 
difectioaa qiecified in lecmdeal Orders. If this 
tmh ii nut available, replace tbe apark plugs. In 
nwmy cwea. if only oil rouling la proent. dean tbe 
«lacuwiea hs dippips tbe lower put into gMottw 
and blowing it out vrlth compressed air. 

(2) Dirly in;*i:ti''!i> imiiLls muat Ijp rlpaiipH as 
aperiripd in tlic pari ii uliir j crlitiH ill Orrftr of the 

i^i) Faulty igiiitioa ooQuecUoiis mu»t be repaired. 
CleaiuDf and reaoldM^ of tlM hem h 
getierally nrcrssary. 

(4) Tin; fiityl Kjsti-iii inu.st be cleaned of any 
accumulated water and fofeigii matter. Examiiie the 
flcr^ens, cinurt them with gasoline and bknr tbm 
out vi\ih roniprcsst^d air. Be careful tj^.^.^lKiiit^i 
the scr<wn wilh the cinnpn^'ipd iiir. 

(5) 'riit^i h>Hii:iLilir \ iiK <' njn-i';itiiif^ ninrhaiiism' 
mani be cleaned uuly alter cuujjulliug the apeciQc 



Technical Order for dir(;rviit!is. AftW the fSeaniriR 
operation ia performed chetk the valve-tappet 
clearance. 

(6) The oii'irelief valve will be cleaned and 
adimted when necessary. 

l7y AU bacUaah and free plity mil bt nUOMd 
fioin the engine controls. 

(8) Broken air-coidi'd pn^rtibf r^luidrr IumI fins 
can be repaired if thf daiiiage i,H ti"! crwive. 
Sharp edges will bp rErixHed by f\\i\r.- In rasesi 
where exccaalve overheating ia encouuLered, the 
i^finder may be i^qilaeed. 

(9) Adjuat tbe cngjoe ktUng qiead bf •djnating 
the set screw in tbe tbrottte-opetBttng cootroL Set 
the screw in ordpr to obtain an enfrine spead Wt 
specified by the particular Technical Order. 

(W) <*enerall\, when a leak is present, it is per- 
missible to replace the faulty gasket or seal wituMit 
r^tlaong tbe oonqilatA unit. 

«, B«p]a<seinents. Sime ol the rmbmnMnla 

ftat may be made by an air]^«M BWCifBlC Mkmi 

(1) Fciultv spark pluga tklA eamot Iw nooC' 

ditioned by ctfianing. 

(2) lotion f iring that hm bid ^ luolilioa 
Idirnied or worn off> 

0) Crat^, khtked, otht^em^^^iHlm 

(4) t.eaking m^HiIf.iIii gpakflbk 

(5) Faulty accesjjuriea. 
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RADIAL AIRCliAFr ENGINES 



#. GENERAL. The rtdial «i^me supplii^ power 
to a wide variety of airplaiirK, from light trnlnsTS to 
llio heaviest iKtrnlK^rM. 'I'his type of eiijjiiir hnn 
passed rapklK thmugh Tiiiiiiy Ma^ea of develit]Hiii'i;t 
to iU^ preseut high-puwer uutput and low weigbl per 
horsepower. The unit ia a precisioo oroduct and 
will pve exoellent pt^rfumiaiice aitct oontmucd 
hIgh-puH'er output durin^t opeeatkm only when it b 
tnwted frith the ore it ^oervo. Special toola uid 
fixtures are provkted for um faa mainteiMiice, and 
maxmium engine life will be swured oiily by 
foUnwin^^ the pr(K'«iiirftst reeommeuded in the 
TeciiiiicEiI OrtiiT lur the particular enyine. 

a. , C^lindtir arraiiK^'mt^ntfi. The c^'liiidcni otl 
in oigine of this type arc arrimgcd radially in one 
vr nufe rows around the crtuiksbaft. Knginea with 
aU the cylinders in one row are called sinde-row 
■adiai en|;be8 wfaik thoae wtudi lunre the cyliodefa 
afimped in two nnra are known ss twin -row or 
4tKihle-rHw radial eni:in(^. Thore is always an odd 
IllimlNer (if cylinder* in ruch n>w of a radial «nf;ine, 
heciiiJM- it ii iinpotiaihie to wriire even distrihuti(in 
of fil ing impukea when umig even number af 
cylinders in V^WSfW. 

b. Fir mg order. The jyraE<ird«roC an«n^^ 
the a«quenoe in which lii jpiifii'«i^ vKticiWii'Si 
the diaereni cyiJuden.^ 

J) Sm^e-raw iwfinf mgiim. On a da^liMm 
ll eii|ine, bQ the «dd4Wdlbered cylinders fire 
in namerieal succetnion wlule the even-numbeml 
("vlliiders fire m nunKiric'al succesfflon. For exiiniple, 
on a fivr-eylinder rutiiul engine the filing or^Jer is 
1-3-5-2-4, and on a seven-cylinder radial it ia 
1-^S-7-3-1h6. The iiriM ordee of a iuiMM;yUDde« 
ndM^ lr3-^THM-4-^ a« «b0tni in Sfpin TIL 




Mint 0**CB 

Tain-rtm radial eiuine. On a twhwov 
engine the firing Order is more complicated. 
Hie firing order is arranged with the (irini; impiilso 
oocuring iii a cylinder in one row and thrn in a 
cyliiul(.-r iti the ollifr niw; ilicrrfurp. two cyJiiiders 
in the same row never fire iu suoces&ioa. The c^im- 



dins in a twtn-nnr radial engine are mmibend 

consecntivcly mo tbnl oil thf? cylindfi-s in the rear 
ro^' will hflvfl odd iimntwrs and tlniHti in t.he front 
will Jitive tiven number?. On a ll-* ylindcr 
radial engine the cylinders in the reu row are 
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FiRING C»DER 
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[lumberfid 1, 3, 5, 7,9, 11 and 13 and the eylmdcrs 
ia tbe front row aro 2> 4, 6, U, ID, 12. and 14. The 
inllliiet Sdag aedm feir tbe rear row of cvlinJera, 
ne^wiiQg Vbfb btfot wm, ia 1-^-9-13-3-7-11. On 
tibs ficoiit iiQw H is 10-1 4-4-8-12-^ aad 6 b««MM the 
two craiLkpins are 180^ ageiL PtA limn together 
md ibegiD with I on Iha rear row. The firing order 
tofwandto be 1-10 5 11 I n -8-3-12 7 2 11 6. 
(Bee fig. 77.) An kus^' jiict ixrd for lif-iiiiiig Ihi^. liring 
ordi^r of a J4~cylindor radial pn^ine is t(j atiirt with 
Bis^ number from 1 to 14, aiid add 9 or siiblrat;t S, 
wtuchever will give an answer between 1 and 11, 
indMvfti Foe exampte, ftaniiu with 8, 9 caaoot be 
adUnd liiidiBribe answer wouM be more tban 14; so 
suhtraict 5 from 8 to gf't 3, add 9 to 3 to get 12, 
Bubtract 5 frotti 12 to gi;t 7, subtract 5 from 7 to 
gel 2, Ofid SH> on. The firing order of an 18-cvliiidnr 
radiid eii-ine is h 12, 5, lf\ 9, 2, 13, 6, 17, 1(1. It, 11. 
7, ]H, 11, 4, r., il. (Sfif! fl),', 77.) The two umiilH^rH 
luied to com pule tlie iirin^^ order of an IB-c^Linder 
ndial engine are 1 1 ij]iti 7. Begin with any number 
bran i to 18 and add 11 or Bubtnict 7. For example, 
beginninf with 1, add U to set 12; 11 MnMt be 
adued because tbe total would be moM dam IS ao 
subtract T to get 5, add 11 to S to get 16, snbtreet 7 
from 16 to get 9, suh tract 7 from 9 to gpt 2, add 1 1 
to 2 to get 13, and continue this process for 18 

60^ CONSTRUCrrON CHABACTERISTICS. 
Creaeial. An aircraft engine may be oompoeed of 
as many as 8,000 parta., but in the construction and 

diwii^iiiiig of the |K>werplant some parts diffftr 
e?(icniaUy althuu^'h they serve similar purposea. it 
will be well for th<^ meciwnie to ftudKafto UoNdf 
with tbese diHereiices. 

h* Power Hectton. Tim pow^ section of a radial 
oigine condsts of the ffiain orankcase aection, tbe 
crankshaft, the master and articulated rods, the 

pisliiii^ and (ryUiidei's, Ihfi valves and v;ilv(^-opwat- 
iiij,' jTif^'liaiiiisms! and the ntcesihjary bcariut^s, 

(\) Craitkcate. The main crankcase Kct'tion \n 
made of alununtim- or magnesium-alloy or steel. 
On some modda it m split wai^ tbe ocater line to 
&dUlal« tin removal 01 tba mMsr and articukted 
rods. Hie two halves wilt be held together by bohs 
ln'lwwn tbe cylinders. The cylinder- mi mutiitji; pa<U 
are located on tbc outride surface uf the main 
crankcase oection and are provided with studi aiKt 
nuts or cap scawws to bold Uie cy tindw?. I^ imil^ 
mounting logs are nsnelly locttted near 
tiiemiaui c rait k rase sn-tion. 

f2) Cylinder tj.s.v^jnii/y. A cyliodftr a,-^-ieriibly is 
<'>iiapM>f'd of e sieel barrel and an aiuioiitom -alloy 
bead. On aomo moddjs the heads ai« screwed and 
^fannafc out Ifea bnnrela and on oUwm tbe two part* 
ere bolted together. All radial enfines are tfr- 
cooled; therefore the cylinder heads and ban^ 
havti cooling fins on their outer surfaces. Since the 
alunuiiuin alloy h soft aud wean^ rapidly, the vatve 
IP^Ides, valve seats, and spark-plug bu:shii)(£!4. aire 
aaade of a more dioable metal and are shrunk ov 
acnwed and afamnk into plaoe. After instaUafain, 



the vatv<^ ^riiklea ■« Mafliei to rfn and Hie ^ridwe: 

seats are fat-ed. 

^Crankshaft. The crankshaft of a rtdial engine 
fa Biiade of focsed-ateel tliaj and is noimd and 
poBidwd on all aurfaces. Roles are drilled thnm^ 

the inside of the craiiksh.ift to maie it titter aad 

10 providr piis!^5if;cs for the lobricatinp oil. The 
cranLshalt. tu;i.\ fis' ofoiir-, two-, or Ihrci' pici i' ton- 
atfUCtion. Oiie-piect crankshaft 111 inu>ili T ri>d i)ear- 
iugS that are of two-piece conslrii< limi. Twtj-picce 
^laidksbafts fit master-rod bearings tliat are of one- 
iiieoe c»nstruction. One or the other must be made 
Mtwo ^eCMS in order lo fit them iogetber. Crank- 
shafts oF rangtfrTOW radial engines have one tbniv 
and those of twin -row pes have two throws. Hie 
crankshafts of all rtipinea are statically and dyna^ 
mi( ally i>aiLificfd. On some eii}:inps the main bearin^p 
are inserts while on othf^r;^ ball nr rolU'r bcarinfiS are 
UB«d. TffO main bfurin;,'? are used on sinfile-row 
radial engines aiid three on the twin-row mudeis. 

(4) Camteding rods. Master and articulated con- 
necting rods (Dg. 27) are used in radial enjcines. The 
master rod is generally of the banjo-shaped type 
When a split -type crankshaft is used, a one-pi we 
master rod is slipped into position and tlie crankshaft 
is bolted securely. On solid craiik!5hiifls. a two-piece 
master rod is used. The main section of tlie cuunect^ 
uig rod is slipped into place and a bearing cap fa 
bolted snugly m pc«i^. The articulated rods are 
fiMtffiied to the maslef tod by small, hard-«teel pins 
called knuckle pins. They are similar in shape to 
piston pins and are usadly held in place in tbemastf»' 
rfjd bv Moall platen which are fastened to the side of 
the master rod by screws. The knuckle- and piston- 
pin bearing surfaces in the rorls arc taiQBaaJiyd liw g S 
pressed ui piace and reamed to dze. 

(5) Master rod bearing seat K bearing-end seal as- 
sembly is used I IP improve the Crank pin-bearing 
hdirication by prrvcntiiif^ excessive oil leakage from 
!lic end of the iniintdi' rod. The assendily consists of 
a steel barkwl iMjai iufr wiiich is sliruuk into the bore 
of the master rinl and secured by a dowel bolt* The 
end aeal ooosists of a dieJdike, steel knuckle-pn kwk 
I^Bte and pbosphor-brDOj^ spacer. Tlw taba on Uia 
knuckle-pin lock plate are driUed to aecnmiiHidalo 

011 pa^t^es and the knucUe-pin l<x-k-plale belts. 
The phosphor -bronze spacer is afailBA, OH tbft op- 
posite face of tbe master rod. 

(6) PLUoimstmlbfy. Tbepirtonsofa radial engine 
aie made of forged aluminum aUoy and are of con- 
Vffiattonal deel^. They have fooc to «x ring^s, den 
pending on the size and theiMWcnearioa ratio of the 
engine. The piston pins are of the tvSl-^Miag type 
and are retained in the piston Iff ctnletai OOM 
springs, or alumiuum plugs. 

(7) t^dJ»«. CkmventioDal pomMt-type valmam 
used^ CM aome models the valvee have m o Aioc m 
heads while tallp-bead valves an used oQ others. On 
the high-power-tiutput engine the fixhauet-valve 
stems and heads are Bodium-filled to aid in conduct- 
ing heat from the viatve head. 

c. Nose aoctloa. 11« jRoee or bmit section of the 
manfcfliifm fa abo ailm wiiiiiiiiQM *R nMtpiedaai 



litOf, It houses the thrust beanng aod the nduetioa 
fears, when uMed. 

(1} Reduction gears. Planetary 'type gear syeteou 
«• need to reduce the propelter speed en ndia] 
fwginw. (Seef^.64aiid(^.) Tbei^ducrtiooinneed 
CKoiaed by plKMtary gears may be deteradnea by 
finding the ratio betwem the combined number w 
teeth on the drive gear and the stationary gear, and 
the 11 L I 111 I r of ifo[h on the drive gear. For example, 
on oije nuxld radial engine there are 90 teeth on the 
drive gear and 30 teeth on the sliitumary f;cur, 90 + 
30 — 120, Therefore, the ratio of cn(;ine BfMTcd to 

ropeller sfjced is 120 to 90. Thia can be rpdncixi to 
to It 1.1 usually written 4;S. Other modeU of 
radial en^iiieis have speed ratios ef 3:2 and stiU 
oUmis Ui9. TbB im&bAmmtbmrd jmk* ait tlw 
moat eominoD. 

(2) Tltntxt bearings. Ball-type thrust heft ri rips are 
ujied ill radial eitpnes. The thrust bearicig 1» located 
in the forward end of the nose sectioo. It no^ea 
tike Ibriraid thrust ol the ixopeUra tiniw^^ 
to tbe noae aeetkn <tf the cnokeaM. 

d. Valve mechanism. H) The. valves of itie 
Siinalkr radta| engines are op*?ral«l by canishaftf;. 
One cami^hfift with two cams is uswl fnr the \ iilves 
of edch eyliuder. These camahafts are drivea at half 
crankshaft ^eed wA aia gtMnd dlniietty te the 
oankshaft. 

(2) IjiriTii'r (^iifjiiipsi nm a cam plule oi a < »m ring 
(sii2iieliirnw Id I led a "ram drum "J to operate tiie 
valv tsi. The cam ring is the more coninioii at the 
preiient time. However, the only didereiice Imtwcen 
the tvo ta the relative size of the hole in the eeutei' 
<tf tbe anil. (See fig. 45.) A cam riag has, u neajdy 
M fOHiQAtf one cam for each two cylinder. On a 
MnrMi-eybMler radial engine the cam rfaig wEO harve 
tfane or four cams, four if it mtatc^ in the same 
direction as the erank^hai't aud Ihret* if it nittitc«! in 
the (ipjHisitc dirttlion. On a iiiiie-( \ litider ratiial 
ciijjitie tlie cum riiifj i^ill have four or Uve luiriiji. I he 
s[)fed at wliiih a ram ring rotates in reiatitin to 
craukBhaft speed is found hy applvin^^ tise I'nriiifilii: 

wmtm of cams X 2' ^ "'^^ ' '^"'^ 

kotaiea at Vi cranishaft speed. Orie with four cama 
rotute.s at I ^ <'Tankshaftgpeed ando9jewlt|lflra<W>R> 
rot«l«i at crankshaft speed. 

(3} Whether the valve-lifting Um» on a ladfal 
engioe originates at a camshaft or a cam rinf , it is 
tnnamitted to the valve atamllifoai^ a cam tappet, 
pushrud and rocker arm. 

Induction Hy<^tems. The type of iodtictioil 
syisteni ui^nl an a rttclial eii^'^iiie depends laigel^ ai 
the desired hurtiepuwer output of the engine, 

(X) Low'outpul mi§aitt. On a anaU iwlM eoube, 
air ia drawn throi^ the carboretCT (wbere n k 
mixed with fbel) and then conducted to the cyUnderB 
tluoii^ lodivLdud intake pipes. In some iii.stan(:«4, 
a part of each of these pipes is east as purt. of t he rear 
criiiikcjisc. Individual ])ipejs condurt th<^ fiii'l-uir from 
the outer ed^e of the rear crankcaiie to the individual 
cylinders. The^^e pipes are connected to the crankca»e 
hgr BHam of a joint to pwvent damige firaot 



expansion and contraction caused by temperature 
changes. 

(2) High-ftutpul engines. On a Urge radiai engine, 
an internal blower or supercharger is built in the rear 
cntnkcase bouaing. On these models the fueUair 
nHxtme jaanm mm the carixueto thruuf;h the 
bknr» or «iipei'«iian|er uid then out iodiviffaial vnf 
take pipea to the cylmden. (See par« 

f. Exhaust syatein. Exhaust gases pas-s from tlie 
cylindera of a radial miHnfl throu(,'h short, individual 
pipes from eacli t:yhn(ii'r onfJ hit(* the collector rinfj. 
From there they pas:^ throuji,'h a large pif>e and are 
discharged into the atmosphere. Some airplanes havs 
tuiboeupercbargefB inataued on them. When it is 
dasiced to the tuibotupercharger on such an air- 
plane, the exhausL gases are rrMidneted from the 
CoOector ring through the sujirn li:irf;et ttn'bine in- 
stead of directly to the atmosphcrp. 

g. Oiiiliiig. All currently used radial cnf;inKj are 
air-c<xileti. Thfrefnre, IIir cylinders have lins on the 
outiside to iocieaiie the isurface from which heat can 
be dissipaled. Baflles are iiutalled to deflect the air 
through and uound the Bns to incnase the rata of 
heat djssipation. Cowl flaps are located on the cowl- 
ing behind the cylinders to control the amount of air 
flowing around the cylinders. By adjusting tba pon^ 
tiun of the cowl flu pi Ibi' uj M'rulor eoOEtmb^ha 
operating temperature of t.ln^ eiif^iiie, 

h. Lubrication. lu most high-power-output 
radial engines, the lubrication system is of the 
full-pressure, dry-aump type in wmch most moving 
parts are lubricated by oil under pressure. The 
c^'linder walls, pvslcin pins and. in some cases, the 
lower valve-<j[>eratin{; nMH-liaiiisiii are lubrkale*! by 
oil spray. The oil fur pressure lubrkatiou is drawn 
from an external tank by an oil pump. The piiinp is of 
a conventional spur-g^LC type, driven (thruui;h a 
^ear train) by theeraokshaft. When the oil h drawu 
mto tbe pump^ it is carried around the spacea b«' 
tweieQ tba gear taelli and pump housing and is forced 
into a preBBiire chamber on ( he c>[i[K>site side of tba 
gears. The oil under pressure passes through an oil- 
udetcbeok valve, tlicn through a filtering unit w hit li 
may be a screen ur ( Uiuri. The check valve keeptt the 
oil in tlie limk iVnin seining throng the pump and 
into the engine while tne pump 18 loot opevating. 
When the eoghu and pump art opefs^ng, tbfl valva 
e^ers little reaiBtance to the flow of oiL 

^ (1) Oil-prasart &nirol. All ailfioes inoorpoiate an 
oil-pressurfi relief valve which limits the pressure of 
the lubricating oil lu a desired mejiimum. The two 
most communly n^rd u |kw nf nil-pressure relief 
valves are described in the following suij-paragraplis. 

(a) Singk-^amrt rdi^ ca/tv. This type cotuosts 
of a body cwtaining a spring-loaded plunger which 
has a tapered valva ou one end. (See Bg. 78.} When 
the pressure beoomea neat enoii|^ to onrercsome ^e 
spring tension, the valve is pushed off its seat and 
the oil ia by-pas.spd into the oil-irdcl pas-sage of t lie 
oil-preiwure puni|j The wpring tension may i>e varied 
l>> lurriiin: liu- ad jii.sting screw. Turning t his screw in 
a dt}ckwL-;e direct ion increase* the spring tentian, Tfce 
locknut keeps the adjusting acnw hem iodBooiag, 



TO thCiNE 




valve in used in conjunction with a thrrriinstalir- 
eontrol valve. (See fig. 79.) Thp,^e uiiitK iiul i unatically 
re^ulat* the ]jnwiirc in llii- luhrinil inn ,t)steiii, 
Hi(,'h- pressure utl fruni Lh(> sitniiiier ciih'rs pasiape .1. 
Most ti[ til is oil ^<«is thruijfrli passaged In the eiifriiif! 
uiiita. Some of tlie oil piis.';t^ through a restriction 
(which red vKca the prc^^iu'i!) mid ciictiltites over tbs 
thmnostatijMjQiitcd valve. Fam. Urn unit, tbe Iow> 
poanm tiffflEiM thfotq^ a hoOoir ehaft and lobrl- 
ottM otlMr irahs. Whea IJm tempa^ture of the oil 
is bekw 40* C, the t]imnd«tatic -control valve is 
dos«d and the oit in p^sage C is not wmU-r prfssiirc 
The pressure in passage A must then 'fun; omtcuhi** 
the spring tension of both sprinjjs iH-fi.ie the main 
relief valve can Irn moved ofl" iHj? seat to iiljuw excess 
oU to rdurn to tlie inlet side of tlie pumji. The oil iu 
pesmges A and B will therefore be under very high 
prcsiiure. Wh«ii the temperature of the oil teadnB 
40" C, tlie tbentkOaitatjo4eli«f vaJve will open. Lmr- 
fnmim <A wiH tlwti past through pas.>^ge C, act 
<W tli*CO?npen»atiiifj piston, and overruine the fon» 
of the Outer aprinK. The pi eKsiire in ]His?*uj?e A will 
then have to overcome the spriuif tension of only wfia 
spiing ; therefore 1 prrsvsiire wifl drop to its normal 

1 The scitlrtg of ihe rfiwf valve may be ad- 

justed by PHnifving the cap, tooeenJng 
the locknut, and tuming; th« adjusting 
screw. TaiQuig the wTHir in a dockwiu 
diiectkii BHvanet tfae Mir<m iinfr- 
sure. 

2 Oil siiiiip.s. In most itnidclrn nf radial eii- 

giiu^s, two sninps arti inriiri)orate(l. 
Thfsc arc lurEilnl in the lowtv^t sections 
of the eiwjie a^iseimbly and permit a 
tboroi^ dnihi«geor tbe oil. Tbe usual 
dMgn itMxwpotactett a aiiull siau» lor the 
drainage of the rocker bogoea. The laim 
nunp ii generally installed listiwefBaj^ 
two lowest cy I i ndiTs. 
S Seateiigrr pu/np.i. Spur-gear sra\t"ii^*i'r 
piunpii draw tbe draiiied uU from the 



lamps and force It thnog^ tbe cA~ 
temperature ragtdator anA tlHsce to 
the top of the dl-«uppty tank from 
vrbich It is rftrirculated in tlie system. 
In tome cases, the acaveoginff pump ai>d 
the tul-prKj£ure pnmip aiEialMlt fntO #M 
same huui^ing. 

4 Bearing hihricaiion. The chI b diiv«red 
under the deaired preeatire from tiia 
ponip iDto a HttiM <^ drilled passages 
Wthecraukdiaft to lubricate toe main 
Itearing!, crankpin and the master-rod 

5 Knuckk-jHn Uibrimliun. Each master-rod 
bearing is generally pfovided w ith olber 
paasaiges carrying ou uito a duttributiBg' 
groove to lubricate the knocUe ptas. 

6 QlUnd^watt and pabm-pin MirktMtin. 
As the crankshaft rotates, oil is thrown 
around in a fme spray which lubricates 
thf; cvliiidcr walls. Additional oU spray 
is pri>^ idi:d by a discharge fivB jel* 
drilled in the crankshaft. 

7 l^cbalion-gcar lubrkation. QUissuppUed 
Iti the hollow proDeUer ^laft. Some of 
tbe oU flows to the tedndion-ji^arin^ 
diafla and bearings. The tcrtb the 
reduetitm (tears are splash lubrii alcd by 
the u\\ which sceps^ through bushings 
and h^^ariugsi. Some enunes provide Jets 
to supply admkatinmmiM^m 

zncaiiuD. 

8 Ijdenmhi^miKvger bbriealkn, Ott un- 
der preaaure to operate the gear ratio 
selector unit and lo lubricate the bear- 
ings anil hnshiii^r^ of the sujiwharger 
generally Hows throiij^h a diretl {^lasa^ 
from the otl-(ilt<;r unit. 

9 AccesMtry-uttitlubriculiun. Oit is conducted 
to iiio accessory bousing through a large 
iulenul paaaage. It is then euppUed lo 
each una Hu^ tmaller drilled pt»^ 
safes. 

13 Valve-meehanism labrication. Transfer 
pipes attached at the blower sot t.ion 
carry oil under presssure lo a series of 
internal passages. Oil flowing through 
thfesc passages lubricates the tappet 
puide and the valve-operalinf,^ niechan- 

ism. Some of tbie oii Qowa through 
hoQew tappets, bto tiie tubtalor pti^ 
rods and then to the vsi]\'e rot k it nrms. 
Insomeradial-type<'Ei^>inps, iliis h\ stem 
is provided only for the vat^t- nu t luin- 
isms ni)ove the hciri/.ontal ceuieiiine. 
The viil\ 0 mruiiauism.s of the lower baff 
are lubricated by gravity feed only. 
11 Internal oil drains. After performiiig tlM 
tMOBSsary lubdeatkm, the oil foUows a 
Searies of drilled passages and grooves to 
the oil sump. 

i. .\cct'ss<irii'M. The accessories tjf a radial 
engine are usually located in the rear. 'I'hey are 
Operated tbrau^ a gear train driven by tfafi cmlir 




PASSAGE B , 
TO ENGINE 



RETURN OIL TO PUMP 



METERED OR LOW 4 
PRESSURE OIL ' 



PASSAGE A 
HIGH PRESSURE 
OIL FROM PUMP 



Fiijiire 7J. CoTa'ptmativ.f oil-pressure ttlitf mTm. 



^^ft^lw^lSdl^fl the^nerator, lacliomeler drive, 

51. VALVE ^Ll■:AIlA^Xl^. Every enjxirie must h&m 
some trloairaEK'e in \ Lilvn-opcrutiiig jncchanism. 
If there m ere im rl!';iraiH'i\ ;i \Vi\ \ niif^hl. bft held oiT 
its Beat when it was supposed to ix" rlHjsrd. Tiiia 
would result in erratic operation of thi^ t-nL'ine and 
eventual (kdjud^ of yojy^ Tii^ v^lvi^ clear- 



aiice nn most of the radio] engines is spedfied iu the 
Tet hriit al Ortlnr ptirtainiiig to the particular eagiau 
model. These clearaaces lJi6.«>ld deaciEi^Q^jB #d4 
are adjustie^ ^^iiite lliil^ ^lil^ is «t sctti^i^pfi^ 

temperature, 

a> Checking yalv« clearanc^e. The proceduie for 
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Step 1. Remove Uie rocker-box covcrii. 
S4(pX< BoHjaAfi tte pfopeller untXl the fdston 
of the idected cylinder k apftroai- 

CnriHi l tlni kno.v ;;.iii;.-c iTi 
thfojvotliiit; Ijri^^i-eii till- v;ih*'>ti'iii 
aii<l tin* cmi of the adjiisl iriji srrcw. 
'J' lie. tiaugfs iilu)uiidj|u£t sU|( iuto tbs 

should not. 
Step 4. Bepeat etepB 2 asd 3 for tlw 

cylinders. 
Step 3. Heplarft rocker-l»nx eo^'ers, 

li. V^ljllKtLii^ will I* <-K-:iriir!i('('. If l!n' valvO 

cleuiaiKt' is clirrkt'il ;iiLii Itjiiiitl fu Im; iin< irrci l. pro- 

blep L. Luoiseii the luok-iiut on the adjusliiig 
screw. 

Slx^ 2. Turn thd a4jiiati>% sc<^ until the 
cwtct dimaaaiB^ gauge wfll jtst 
enter the opening bet%sT«ri the valve 
Stem and the end of the udjusiliif^ 

KTfv* "^11 fL', o*'. > Tiirnini: ihi^ 




Fifurt ,tn. Arljutting ratre dearanett 



Stc^ 3. Hold ihe odjiistiiie-semr to iMfp. It 
frutt Umtiiig and tigliltt»ltejiiliE> 

nut. 

Step 4. necheck thft dearancie. 

ncw" eii^Liie is (icsi^'iicil anil Uir first rmnii't is [iro- 
duoed, it is ioAoUad qu a t^t ;itaiid aud upcraUd. 



VaiMua grades of fuels are used, the piigine U 
operatod at diflennt tmaeda, and the valve and 
igiiitkm timing are varied to obtain the best nBoHs. 

An accurate record of the hofs^jower developed bf 
the engine diiriuK thh t?»t operation is kept. Aft« 
the test is rnmplnh'il. the dfsi^'ii ciii^'iiieers decide on 
the exact tiiiiiiifi t(> i"^ usfd nn the engine. It b im- 
purtaiit, thcreriint, IIkiI Ihf" rri^'inebfl timed flSaotljf 
OH spcciljcd ill TechciiLui Ordci'b. 

a. Cliccking valve timing. Place the piston of 
No, 1 cylinder at topHEiead-oeiiter pusitiou of th* 
eomprasioQ stroke. The valve clearance is tba 
(decked and, ifnerassary, adjusted. (See par. 51.) I&' 
ttalt the liming disk and poinwir «n the eiigine. Re- 
movp (lie insj»c('ti< m pUi^Miithr: inseii'-siH-liiiij hnii!<in^. 
']'t> chr^'k 1h(> 4i|ii>iiiii;i af Ihf^ iiilrt siiln', nitiile Ihe 
proi>fllnr luitil Itie corrct t mark ctu iht- hiluk*'-i.ulve- 
opeiiin^I (lU) scale uii tlip reduction jinir is in line 
with llie two index marks uis the sides of lUfr iiisjieo- 
UoiaJiolQ. (S(M %< 01 •} ^ tid» example, titeintftkft 
iW^^^lw Wi.^ oylinder Eiundd open W'hmm- 




top-dead-ceiitcr. Ou^ i. the rcadkg w tfee tiHi^m 
disk. irihe(n)iii(j»r iiMni iU(«27° E(Ttl,lievaIv»are 
( urrwlly iSiiii d. \t lliis [Mjinl the inlet valvR should 
he<:iii lo i i;x;ii. a ftirtht-r check, the crutikshaft Is 
tunictL ill the uppisite direction imtU the correct 
juark of theexhausi-vali.t; closinf: (IX'.t mhIp on the 
ireduction gear in alitni^ ith thu murk:^ on tiii.^ sitln?:} 

of tba impecUon l^e. The tinuug pointer should 
indicate tJfie correct ittmber of de|fr*«s and the ex- 
haust valv** i^lmuld IfC cIissClI. 

l>. Ii^iiit iDii liiiiiii;^. 'I'll 1 LH!i- 1 iic inii^;ii<'to on a 
radial cii^inv, ;i (mintiT i^ in>l:iHc(l hiiii Uiri prujM'lUT 
shaft aud a liuun|{ aegmeut i:^ faiiteiied tg the crauk- 



ciPA.TlwciankBhiftistlieDi'OitsAMiait^ 1 
p«oii B aft the tofMKiilw irf Um oonan^^ 
ite poratw b Hi at »ro and £Mt«eM that it iifll 
turn with ih& prop^ledT sfaaft, Tb« propeH^ diaft k 
■ then rotated in the direction of normal rotation until 
the pointer imiiuates the prop<T miinlMir of defo^^cs 
before TDC, The magneto drivR nlij^iifs:! asdeacrib- 
ed in paragraph 2%. The insijfnfiu may now be 
BUadwd to the mounting pad on the engine. 

(1) It » imptabable that the magneto 

eonid beacrairately tiowd wHbin the required limits 
^rbm ptaoed on v» engine if no adjustment were 
ptovided. Eitiber d[ two methods may be provided 
ao the magn«to can be adjusted without altering the 
]Kwilion of eitlicr tliR magneto ilrivo or Ihc t'nf:iiw 
crallk-^hafl. One [iw>t hod is to cut sluts in thfi nia{^iiulo 
moimting Haiipe, ttiiLS pemiittvng some notation of 
the ma^cto housing. \Vith the mtigiielo in the pro- 
par position, the mounting nut,"! are tightened to 
secure tin magneto. The other method » to ui>e a 
haid-rtdsber plate wluGib has grar^haped teeth 
molded on eem, side. The teeth of one side fit the 
magneto drive and the te^ on thei other side fit th« 
gear driven by ttm shaft from Ihe engine. Since th«re 
is otie more tiHit h tm one side of this ooufiliag liiaa oa 
the other, vf^nnN adjustnMii eStt bs uridcb 
ptttmit accurate timing. 

" ^C^king ignition tuauig. To check the iuj^itiun 
timing after the mapteto been secured to the 
m^nntin^ pad, insetit ft 0.0015-iiidi thickness gaxm 
between the breaker points and rotate the crank- 
■baft dowly in the c^Krating directioo oF rotation 
iitiOis muntairLirtg a slight piili on the thickn€«is 
gan|^ When the thickness ^.tupe slips out. the 
breaker points have just opened mni, if the nia^;- 
MtOi^ are correctly timed, tne ix>inler should be in 
fitue with the proper mark on the timing sEfment. 

c* Tuuiug apeoificatioiu. Since tbke aie nuAsy 
diffofiint moods of radid raciginflB io use attte 
- time, the timing spedfications will vary, bat wiD be 
approximately an follows. The intake Yolve opens 
about 20° bcfttrt^ tup center, the exhaust valve op* iw 
about TS^tefore^hollom-center, and the spark occuia 

53. INSPECTION AND MAINTENANCE, a. In- 
tpection procedure* inspectiona are performed on 
an sirabiie to find and eoirect minor oefecta before 
tbey become serious. The inspectkm must be per- 
famiwl in a systematic manner and the parts being 

imffx^ aboJoW be thoroughly daatisd taiiiMibtotiw 

mediamc to find small defects. 

b. Mainli'iitnn* requircmctits. It is the mc- 
chanic'sduty takwip theairplmw! in Ilyhif,' cun<liti(m. 
In order to do tfii.s raiwt bft able to recofjiiizc 
troubies, detcrmiiie their cause, and remedy them. 
If a defective part can be repaired and the mechanic 
is qualified, he should repair it. If he cannot nptii 
tbsiodt, he should replace it and turn in thediffBelive 
midt to b« Impaired by more higfaliy trained pecscomL 

c. Mmor repair. An Qupuine met^snjc wUl 
repair an>- ilefei 1 iv(i jiart that he can if he is qualified 
and has the nt-t eszsury tool^. Some examples of repair 
work that may he done by m dtytow BWd iaBi o OH 
a ladial engine foUow. 



(1) Remove dirty ml screens ad flftera and clean 
tb«m by washing in feaposeoe. Attn dsMifng carefully 
dnedt o ot o piiiess ed air d«Mtg^ the imila. Apply a 

fihn of pU omiiimmm^mim «id fa 

the engine. "* 

(2) Chedt mi 1^ viJv« c^aimice. 0im 

par. 31.) 

(3) Chwk and adjust the ifniilltm timing. (SeO 
par. 52.) Alwajia make certain that the ctearaooeSk 
tolerances, ana directions listed in the TechnlMl 
Orders for the paitkvdar eiqgtue as« observed. 

(4} Aiiidiof nosetal^piqaeriy.Iiispecti^ 
for leaks Slid repair or repliu» tbe biie or fittiiig 
necessary. In cases where the lines have vibrated 
loase iuspfK l them for wear, dents, and crarkis. Re- 
place the liiiPii if their condition may cause future 
trouble, 

{5} Repair faulty iguotian cable. Check the con- 
dition of the apanc'plug eafale forrtdes. When a 
replacemfot is neoesnxy, reiodv* about a half iiadh 
of msnlatioa from the raid c^tbo eahle^ Th«N> tm 
i/wo methods of attaching the ferrule to the wire, 
bne l» to separate the strands evenly, bend them 
back over the iiisnlation so that a ctjpptr ferrule ( nn 
be forced er th<^ end of tlie t able, and then swa|jre 
the ferrule in plat i\ The i^t ond nielhiKi is to place 
the strands of b&K wire Uumwh a hole ia the ferrule, 
bend them ev«iily flwer tho nRafo mtd HhH wM&c 
tbem in piaos. 

<6) RoDoiveesaseesivebadL lash and play bom tbe 
mmko controls. 

(7) Round olT the sharp edges of slightly chipped 
cylinder-f'oipHrif; (itss with a Jim file. 

(ti) Keniuve and replace the spark plugs when 
necessarj, Inern*!rj;encifei, whenronijiletc spark-phig 
servidng equipment i& not available, regappiiif; of 
oeraimi>type spark plugs will be tiulTicient. Hcgap- 
piiig mtu^a often ttaasiJtM ms^^ J<Pp4 
may be neoessary m^^'tiSamm- iteiii i i i a - 
hi^-altHlide flying. 

(9) Check the induction system for fuel leaks, air 
leaks, and bln'^i n j^a.skets, l-jlher of the^e conditions 
may be indicated by slight discoloration (due to tlie 
d^ in the fuel) on the adjacent parts. 

d. Keplacements, Defective and dsmaged parts 
llutt cannot be repaired by the aifplane mechanic 
must be replaced. Some of tiie railaoadenitot^ 
made by an ainjlane mechanic fellow. 

(1) Beplace laidty spark ptuj^ with new i 
ditioned spark plugs of approved types. 

(2) Leaking gasket^i. Be sore that all surfaces witk 
which tlie gasket comes in contact are clean. 

(3) Damaged pushrods and m^l^stem unt(j. 
After the irork been perfoimed, duck, and nutko 
sure "Uiat all controls have full and easy action. 

(4) Damaged cylinders und pi^dims. In ca.ses of 
emergency this work is done. During general line 
eervic« the engine would be replaced. 

(5) £r9lwi^S9lte spring. After rq^aoement of the 
springs, lMr«is%ii]i uuitiM ttlabQla«"MAe(i an in 
place. 

(6) Broken or danuiged studs. Be oertani that the 
stud is exactly an specified in the T^hnical Order. 

(7) If sogioe trouble is definitdy located in tbe 
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soB0Mto, nBKvn Mfid nqdace VB& wiQl MM 
loKnni to <qpaeat« satisfactorily. 

(S) ntncrre ttid replace damaged Intake papea. 
Install a new synthstio-rold^ SftOkitW in^S "ff^ 

every replacement. 

(9) When the trouble is traced to the carburetor, 
letuove and replace lite complete Oiiiieaibiy. A new 



{EBskBt nmrt be oaed cm the cail»ra|or«KMtiitiiw 
flan^irlMOtlie sew or reoonditioned unH h installed. 

(10) Remove and replace daciagedi priiniEig lines. 

(11) Heplaw tbe thennoooupto focuul 

or defective. The mtit is generally JmtaQed cm fbe 
hottest -riijiiiing CrjrliDder, usually in the c^'linderM* 
sembly cuutuining the master connecting rod. 
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ENGINE MOUM^ 



54. GENERAL. ^ Modflm airplanes require hij?h- 
power-«utput endues and arp cfunmnnly tised with 
large-dianieter prnpellnrs and luw rrdintitm pear 
ral I ( js . ' r lie h i -pow f> I' < I L 1 1 ( ) » 1 ( n !' t lU'so fti 1 1 r's ("i u i^fia 
very \u'^h twisting (tt>r(|Li(i) luads on th(^ nioiiiiliiLfj. 
Tlifrse arc oft ft 1 j^i caler llmii ihosv, prtKiiicfnl by ul hnr 
causra. Torque luads must be distributed properly 
itecause they have an important effect cm the per- 
formance of the powerplaiit. 

a. Piirpoflft. An eiifriiie motiMl is iisod for two 
piirfii iscs. J I. sii|t|tnr'l?; t lie ('[ii^iiic on 1 ht^. uii'phirii; Miid 
a|;jS(irl)S niiif h di the <?ii{^i[u; vil)raliu]i lo prt ^piit it 
frotii lii'Ljii; liiinsmilted to 1he aii-p!ain;. 'i br inclhod 
^^o^^j|t lie powerplaiit is governed bj the type. 

b. Design. Practically ali eni;;ine mounts are cod- 
stmcied of welded tubular stwL After fabrication, 
the mount is mn'iuali/s'd 1^)reIlHl^ f!^i(rui[^^ by Iwutiiij; 
it to the pni|>C"i' li^infmi alnif^ uiid fill(i%^ in;: it. io cjkA 

'V\\c. iniiniM. is c!rsii,n!cd sn l]i;it, ;il[ wuikin;: 
stresses tiil! be ilireirt liiifiar push or pull on the 
structural members. The actuafdcsign depends upou 
the type of eagiiie. Typical mounts for radifil- and, 
V^typeeni^ee afe alWa in figure 83. 




■^^•MiSSSJ^Si^^rr BUSHINGS. tlmU a few 
years !i<;n riii:iin>B were bolted directly to tb*fc,^Jj^3^: 
mount ^vit h ii! lie or no cushioninpr materia) b^tweSil 
the en;.'i[j(^ and iiunnit. Therefore, enpiiie vibra- 
tion was tiinisniil to the airplane. This rcsnllcd 
in structural iuiiiirf; of air]>!iine pjuts ymi ii] (he 
physical ftiti^uttofthetlyinf,' poison u*jl. The pon ertul 
enf;i[ii's nmv used require some device to afcisorb 
eti^iue vibrations and prevent their transmissiioQ to 
the structure of the alrplaj^ 

a> Vii)ration'ubswbingtyt>e. Thifl ty psunotjnt- 
has rnlilM'i- bushings or -p^d^ bet-wten the engine- 
nmiiiLSiiif? pad and the en.L'iiir turnnit. I'ii^nre 83 
slio^vs a cHSfiH .s(^('t ii >n o! ii mom 1 [ I; ii isl li II - of 1 li is iyxie. 
It is effective in alfwnrbiiiif nmrb of tlie < [ii,'itn' \ \\mx- 
tion and preventing it from beiiij; triinsrniHecl to tlie 
airplane. ISow m er, it is not compif;tel> s^atisfaciory 
for radial engines since it does not aljstiib the yaw 
and pitch vibrations of the engine duriuy ojieratioa 
and it does not elkalDnite > 4:cqo^ wken tfaft 

en}^ille is slopj}ed. 

h. I>\ tiamic-sdspt'nsioTi t>["'. Tn QnSar ^ 
ali-(irb eu^ine tfirsioinjl vLhi'^itioii ami Lo peniUt 
Uniitcd and pitch vibrations of radial engines, 
the dyuainic-suspejisiou mount busbitiK has hem 
devised . A. bushii^ of this ty [ i u s t ill led oi i a n e n 1 1 e 

dir- 

fereuttypiStrfljiese bushings but all ut lln in prridrui 
the same service. They eflectively absorb engine 
torsional vibralioii caused by the rotating prupeDfiC^ 
hold engine y;nv atid jjilrh lo a desiroi nun^biUUSllt, 
and, at tho s^nw^ time, prtixriit. drotip, 

56, l.NSPECriON A.NU M ALN'l'IiNANCi:. ii, Iii- 
epeelion. Enftine muvmts are inspected periodically 
for cracks, dlsturtiuoa, miaali^ment and condilian 
of the protective coating. The condition of th* eii*^ 
fiinc-nmurit bushiiiffs is eheck^Mj ap^iiied tinie 
ititer\ u!s. The innunt shcndd be thordughly olcaned 
dui'iiii^ in^ipectinii tn rnahle ihi- nn'cluniic to find 
small <Tarks that nias ht\ pn^st nt in 1 he rlded joints. 

b. MainLf^nance. (1) ^\ fn ii rrin ksiu e disci ivered 
tin? airplane must not be flown until replacement or 
rp]jaif 13 made. Tlie smallest crack Will j^^^inllt^ S^^iA^ 
point for vibration and rajiidly inc^ai|;|ij|p^ J^^ 
repair statbm, the rooimt is normiWalMSa''^^^ 
Kt[«uia welding. 

(2) A bfertt tirtiiss member generally rnqinros a 
replacernfut (tf thri \vho!e ciitiiiif luntinl. The nicch- 
anic tshould ne\tM" <J^i' n pnrtot th*^ cntrinsi inoniit for 
a support since thfre (kiiij-'ci- of bi lidiiiir the tm^-? 
members. The muunt is desi-md lo siip[>ort the 
engine in the proper posit ion 1 1 n 1 r n 1 . 1 1 i m ■ 1 > i ight l^ds 
in the wrong position will bend pai Ls of^ it. ^ 

(3) If chipped or deteriorated, the prctective coatr 
in^ of the engine mouut mu^ be renewed to pr^inuftt 
further tjorrositm and weakenuig of the mount. 

(4) I 'uL'irie-rtioiint bushings that i^wif Bigias if 
deteriuiatiun must be replae^ 



smmm and sbifment 



£7. GENERAL, it a mctmarf that the wedSis 
wooedinie wdked in Techsied Otdets be fdUowed 

totreatmg any engine which Is placed in Etora(*e. It 
is the responslbiUty of the mainti'tiaiife dn i*ion of 
each Air Tet:hiik:al Service ConKiniiid atli\ily lo 
prepare aircraft rnt:itie3 fur st<)r(i(;e v\ivii iw i rs.'-^iry, 
ji. SiiscL'|»t iJjiJity to cMirnisiitn. 'I'he pail > i if nii 
tiirptatte e.iigiiio ure maiiufaiitiircid to very doafi 
toieimicos and are subjected to severe strahiB dmfaig 
<H>wati<ML Even sli^ caaoikm may damage saoM 
|WtB so tiiat they wQl noi fnnetion properly or may 
«Vflga (»Dae11kmti» fafl completely dtiring subsequent 
<qwratkin. PrecauUons must, therefore, be taken to 
pevent cornssiiiii of the parti o£aa OBg^te i$ 
vHt for even u short time. 

b. Ethyt fluid. Modem hi^h -output aimlane 
eftgines nquiie ftiel that has an antiknock rating of 
IdtUxAaofl or Bboiv& ^Dce it is impq«sU]]« 

pare octaoe in <wiflfSffenit qwawtitrtt to smfar 1b« 
oemaiid, miitara of aDnOar foels am osed ffl^ 
«thyl lead is added to them to m rPB.^ the ocibim 
rating. The letra-elhyl lead prodia e.'i corrosive fliib- 
staiices when liir fiif^l i>; Imrricd in the cytinders. 
Oidiiiarily, the currusivi^ sjiihsjUiK-^s t:au»e no aerious 
4tPi|ge.Ho»«ver,they will cau?(> dtunageif pnvec- 
iSH.. immm an not tskm vim^ tibs «Bpi» §• 
atimSmmauatk idle. 

c. Treatment of the engine. Airplane eitj^n^ 
that are to remain idle for more than 1 day must be 
treated lo prevent corrosion. The tjjff; of i rral ninnt 
required dependrt vi pon the Jejiffth of time tho ciitfirte 
is to remain idle. The specific treatmenta U'jed vary 
for different types of engines. Thectfoice^ ths nrqiwt 
Tachoical Order should be conwl^ W» 
tftaflaaittof apartiwIwrtt^jinB. 

SS. FLYABLE AERCRAFT STORAGE. 

a. Length of Itme* AJI aircraft ibat wffl iiot 1m 
flown for on tnde&dtie period are pmpwed tot thk 
type of storage. All nkcraft in this type of storage 
must be maintained in a fiyable statos and require 

no prt'paratioo for Dying serx ice. 

b. Trtii t ment. Aircraft maintained under flyable 
aircraft storage are divided into two classes — those 
whose oil ayBteraa contain a mixture of oorroaion- 
preventive oompound and regular eii|;lne oil ajod 

iify €0lnmian^prei:tnliTe compmmd and 
ifturnire. Hie oil sjstem is servicwi with a mixture 
consist in of tlirc*' j)art!5 of engine oil (ind one part of 
corrosion-preventive comptaind, ns specified in 
Technical Orders, and a notatittn to thia elfect is 
made on Form 41 B under the title *'14emarks". The 
engine or engines w ill be given a ground run-up piioc 
to pladQg tbft airplane in storage. On each aixlh tk)jf 
dw ai^net will be given a ground run-up. Tim 
|na)d «ift4^ win oomSeit of a B P" ""— '' tr ^ 



n^nte operation at idliaz meeds (ntot to exceed 
S& percent ptiwer) or nntU tat oil-in temposlun 

reaches normal operating tempeiftture for thespecifiD 
engine. Kxrpssive ifrruuud operation and ojperation in 
i^itiidv tiT dusty areas should l>c avoided, Aft^^r 5f> 
iiours of cogijie-o[>cratiii:f; tinier (lie niixtiin^ will be 
drained and replaced with piu« eiifiine oil, 

(2) Engine In airplanes whuso engines are not 
secYieed with ctmnsuiHtjprevenii^ e cu:iipound but 
ocmtain only tba Mgulaf engine oil, the eng^ine or 
eoginea will do ffOmAjun-up (as dncdbed in paia- 
giivit $7) mdk m o n i^* , 

m. TEUrORARY STOBJteB. 

a. Leo^ of time. Tempowy BUH»g« li vsecl 
for engines that are to be idle for no! motre tiian 

30 days. 

b. Treatment, Tin lisllonriQg noGedure will be 
followed when ainsmft iMt itaew & Hm yms a m tf - 
Stonge status: 

(1) OU tytlem. Ths enginB-oll system will be ser- 
viced and given a ground ron-up as described ba 
paragrap h ztthd). Ot) dilutioa will fiot be used dur- 
nil,' this preparation for storage. If the oil system bas 
been previuusly scrv iced and tbe last engine opera- 
tion has l)een w ith this mixture in the lubrication sys- 
tem, the ground run-up pcuoeduie will be elirojiiated. 
Tbe mixbun wiE nrnm iu. 1it» Mi^eiSSm tgttm 
and oil Bomp. 

(2) Exhaasl vahet. Thettilkatut valves are sprayed 
with a corrosion-preventive mbctsre. The spraying 
M ill be accumpliiihed thrcnigh tbeeExhauBt ports with 
the valves in the open position. On instaSlaliona 
where tbe collector ring is not removed, the valves 
are qnayed through the spark-plug opening. 

■ (?) Pyim^ ipalk. The conooion^Keventive mix- 
ture is ^ayed into each cylinder hove with the piston 
at b^tan>-deBd-center so as to cover all interior 
Buifacea. After ell cylinders have been sprayed, le- 
spray each cylijidcr bore tlirtnifih the spark-plug 
opening making lertaiu thut the crankshaft is not 
todated. If the crankshaft is rotated, respray all 
cylinder bores. 1 nstall cy Under dehydra tor plugs in to 
the spark-plug holes. (iSeefig. tS.) Consult Technical 
Q^ers for apecifio types of dehydrator plug k>T t he 
ekigine. 

(4) Exhaust ports and carbarelor^ intake. The 
eorrect^ize bag of silica gel is placed in each exhaust 
port and in the rHrlmrctor intukr. The exhaust pfirta 
and the carburetor-iiiiake tipeiiitiL' are then cover«l 
■with a moisture-resisting hliii and t;ipcd rpc iircly. 
All manifold joints mui^t be sealed by placing tape 
over each joint. 

(5] Coolant aysUms. In UqtUdrOooled oai^iies tbe 
coolant avstem will be drained and the syston will 
be refilled with d^tn water, Tbe engine will th^ be 
nntil the water has thnmu^ily diculated 
ihe ByHMS. ^ llm fibafnsd. U 
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oofnpresaed air ia available it will be butroduotd 
througln, the fillet openmg (drain phfg removed) to 
dry out the system as much m possihU. If Ibe tat- 
pUne Es slursd wUbout remnvinj; the engine, Ihc 
«iittn cuulaut system will be lilled with Ihe uU 
Bped&bi fa TPtoiiwicd OvdccK. Ebod ti|ie vaiA btt 




figure So. lujliiilitifj dehydrating piuij iit Slic engine Cj/iindtTt 

ntJtached toJ^ flMCtiiUe-aHilrol lever of the airplaiie 
to treated. Ttmi-ia ft reniiuder to inaint«n«iioe and 
opfraliiig personnel that the engine is not to be 
opnriitnd until the oil is remov<^ and rli'aiif'd fntin 
1 1ll' s\ f,i !>iii, 'Hn> systf'iii is fleaiifil by ri'iiui^ iii^ tho 
dniiii und iiilruducijig Klciini tiitn llii^ filler 

o[M<tiii]|;. 

(6) Veitlx mid hrealltrrs. AH dislribulor vents, 
eg^e aiul Kui)m>har<^'4:>r brc^thcm, and all other 
mieninga will be sealed with tape as Bpacified in 
Technical Orders. 

Irtttpi-i'lion. All engine d^ydrator plugs wUl 
be iiisjHM'tMl wwkly and rpplarinl whpn Innir rolor 
indieulis »n iins;ir<i mmlilion Tir s(ura^<\ If nrnm 
than i)ni;-h!i!r nf tlip di-liji dmt'ir [jIul- iir*' ri'|>l:ii t-il, 
tin' di'li> -'mlar b;ig^ in tlir air-Siiliikr mwi i \!i;n!sl. 
niiiniritldH must be replat.-^, Koplaccmijiil uf tbe 
ddi}dnilor plugs or bags dioidd not be imttib on 
Jiifblv_liuinkl or rainy days. 

oL Pnpanilkm for service. When aircraft are 
Mmovi-d fripm the temporary-stfiirage «tpSn|t tINSf 
will hi" |iri'|Mrt)d for service as fnUows; 

(1) !£nffttie(tf)enings. Rennn <mll (l«'li>H:lrii|tir plii^s, 
gilira gfil bags, rnver plat*;!, Tiijijjlrs, t:ijK', iind nltur 
mennsi uwd in I'Iul: \ :ir inus <i|K'niii|;s. 

(2) dyUridi'i i iii-i! nfmrk pSinja. l-ii'^l rt'iiui\i; tiny 
estt'iisi-sive c(iiT( '--i 'Ji-|'[t'\ e nHxturi! b> drahiin^' 

or by using abwd spctiQa pump, Koiai« the pnipel- 



Ist sbaft by »Mam of » iiniptMler-shaft wrencfa t«» 
dwdi for stickine valves. Lidm(-a(<; tho stu-kinf 
valves wilti a pBSdlini* and mfrii>p-uil niixluri'. Jf the 
vatyes cuEilinur In >\'nl. jM-rfnnn tliF nf<f^-iar> 
mainteuaiK-f* t*t * !lrulri:Ut! lliiii conditign. Install the 
pn>per spark pln^'-^. 

specific Technical Otder. 

(4) Enip'nr shirt inii. TVfore start Eng the enpine, 
rotate thr rnmksliaii hj hand four iit five revcJu- 
tioiis, iis H liiiid rlirrk, tO d«4«l!DdlM>Jllflt fifUld lOCk 

iiiis Ijcni (iimiduli'iL 

60, EXTK\T>i;i» s'lon vor. 

a. [^ii^th fd" film-. I'Atciidi'd storage is used for 
(•n^iiics urf tn In- idle inure 'Mi days. 

b. TreuCmi'iil . J Lc trealiiieiit, of ihc airiTaft 
treated in e.\U-ndrtl storage ToIIowb: 

(1) Oit Mysleifu Tb« «npi» oil sj/stisa will be aer- 
vioed and £iv«i a gnraod innmp as described In 
paragraph S'tb(l). 

(2) CooUml syxtent. The coolant system of Uquid- 
<iHi|i-d cnLdnca fdll b« ■Kvjced aodcwil^ to pKUb- 
graph 5yb(.5). 

(5) OU coolers. Oil cooler must be blanked off or 
by-pcesed ioproduce the mbcttm Ixia^^t^nm 
gpedfied in Teahnical Ordei«. 

( II Oil niimiK Urn'm tliB mixlnri* from i\if f^w/mf- 
oil sump ^^ liili^ I Ik!: stiinp is still vviiirii. Mu mil diaiu 
Ihe inixhirefmni liicMiit tank. Ili-|i|;ii i: the isunip plug 
prtipi-rly !7]X;rilii-d ddij drakir lAug. (Seelig. Sb.) 
Ui rbiirehr. 1 ) rai n I he fi I nl f nun the caibtoetor. 
Reijistall the drain phi»,'s and retmive the pt[K^ plugs 
from the top of the n'l^alator. Hoar tlw spccilii'd o3 
mto the opeoii^ untU the oil ruoa out ol tbe boot 
tfaambo' or from the dischar^ nozzle. ReiostatI tlM 
^lupiand safety thi^ni. Carbun^tor oppniiip; will be 
sewed with J^nii ubli- pi|M^ pLuf^ aial the throt lie ^ al ves 
will be liit'kpil ill tbt^dpcii pij-iiion. A l>aj: uf >ilk'a 
is placed in the omrburelur iutake aiid the opeuing is 
then eealediilik ft moirtiiMHisliQK fibtt^M 
securely. 

(6) Fuel iiiiinfis. Fwfi! raust be drained from all 
fuel pumps and thn Mpcc ifird lubric:ating oil injected 
intu the piiriifiK whWf. tlir prop^'llcT shaft in being 
rnlHli'd. 'riiii \\i\v< III' 1 iir I'ln'l s\>lf'iii "ill be dis- 
ftninwtud and tin- linfs ^till lit; siulril willi Hihalilo 
plujj-s or ta|JC. 

(7) Exfmmi pttrU md manifold.t, \\ ith l \u> i-xhansi 
valves oftea eadi exhaust port is ^jprayed u iih cur- 
ro^oa-preventive mi^ure; A bag of silica gti will be 
placHl in the exhaust outlet*. The opetuiqg» ««« tbeu 
LovertHi with mofbtivMenatHig mm and ttped 

secufelv. 



tape. 

flO) I'ni/n'lhr simfl. Spmi, iht- intiM'inf nf jlio 
prfHjK^licf sluii'l, 'I'ln; cvtriiin- nf Itn^ shiifl. niii>l Ih- 
cctvered w illi Ibi' (Mtnipcniiid as spi'cifit'd in 'ri'i hnk id 
Orders. Install % pn^idlecHsbaft thread proLecLor.^ 





Fisurf ft*'-. Sn^l"Uiii^ tiiAj/draiiiii jjlua in Ibc nil miinji. 



Thtte^iastiuctifHB are fuUop«4'gplX Tvhml'^ W^ 
pdler 15 stored fwparalcly, 
(th Mu'^fUfitKi. \ll <^)»lBgi ia. thfrwwgiwto iriU 

bftwiih'tj with la|W. 

4 1 2i Entire eritjine. I ii>1 rtn tTs on tffl '"f'ift^J'' 
iu the eugine and fc^teii itivm sec-tu'ely. 

Preparation for service. 

(1) iPfif;i't'? (tpFJiiiiif^. t! all dehvdrulu!' |i1ii^'s. 

such itcnv^ whir ti <■ Ifi-i-it lo^i\d lbi'i)|><-niii^s. 

(2) Oil andjitel lines. i'nnjerl> iiLstaU all uil aiid 
fupl liiieSi. 

i^} Engine eylindm. FoU<w imstnictiqiit Jtt 

SI) Propellcf f(n<l ftntpelU'r xhfifl. Clfiin ihi' pi-in 
er Bhaft hfkI lln' pmin'lU'r, \iH:niMt tbi- pnijH-lliT 
on IImi j)rM|(oll4^r sluiH. 

(">) C.itm oil filter. TIir ( Jitio oil Jilt cr H ill Iw ro- 
tii^ni'd and deaiHcl by wa.sliitif; it in a .'^olvriii ttudi 
as k«coMn% pisoliiie w a balf-and-balf nuxtum of 



carixHi tetrat^ikride aud lieuzoL jFlotaie tlie fiJter 
Hrhile it is nmoemd in the deaiuA}^ solvent to make 
CtttaiTi thai all foreiirn malprial miitivofl. Du not 
use any Imrd tmil losi'rajw or pick llic iiiaU'riiil 
till" ruri ridi-'t', \ii siir jft iriiisl mil he Msc<l in cicniiin^ 
llic eartridi-'i'. M'lfr Wiishiii^, iinrnvdiiilfiv Iniirii-ate 
the caftrid.L't' hy iimiKTsiiig it iwUi rliMii i'Ti<.'iiii; uil. 

(6) Scrmiti. Ml oil aureeiis ishall bo rcrnnved, 
cleaned in ^aHoiine, dried, ieoil«d atid reinstalled. 

CT) Preoiling. Prior to itround taitiujt the csn^e 
the en^ne ob directed tn the epedOo Tecbmcal 

Order. 

(Z) Spark phirfx. Bpfore instanhljr the spark plujn 
mtuletlit^ pr'p|H'llrr fniirnr fivptinn-s 1u iii:ikr < frlain 
llifjt li<|iiid liM'k (diii^ til cxccs^ti f rn irr'»i< m iH'i'veji- 
ti\(' NiiMiire in ihi' i ylindcrs} hns lit-eni flimidatcd. 
itMtail the flpark plu{{s and tighten them to the 

fiL s ron \f;K I IJI,\'IM1-\T OFHEPARAIILE 
t.N(jl.\ES. 'I'lu' jm paiiitiou of t«parablo enjpnea 
iiiriudes those tlml c-un be opiated without fuztlitt 
danMGe And which caniuA be QpccwtnL 
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»,Openlile atones. Aucn^iwliltliiBCba tiitt 
be operated without dan^e to the wgine itHlf at 

(>{ operable eng^ili||ftqiinl)^««ddfal4 

cal Urdcru. . " - 

(1) Oil tftlm. Ukaat m nadiad In p inp$^ 

(2) Ccoknttymm, i^Oe^oolliitoBKifBfdd- 
(iool«d eagittee. 

J 3) Rocker biaeti- Remove the rooker^lKnc covtA 
1 dean and ^xay «ach locker box mtii ooiTonai- 
preventive mixture. Replace the oovera and fasketa 
to form an airtight srnl. 

(I) Ezftaitsl porls and man ifoUh. With \]itt exhaust 
valve open s])ray the ex ban si, viilv^vs tirid exhaust 
port^. 8«al the openings with the properly apeciiied 
plateB and tape. 

plataa aecardy. 

(6) Pnpdkt. The propellw will h» i«iiKi>v«d. The 

thrust-lK-aring propeUer plates, if provided, will l« 
removed and the thrust bearing will be thoroughly 
aprayod. The cover plate mufit be reimtaltcd. 

(7) Carburehr. Treat as specilied in parafrraph 
60b (5). 

(8) Oil iniei, ootid, and breaOiers. The oilinled asd 
OQUBt will be M«led with locally raamifftctured dS^ 
rateteDt or iilf^uie-resistaiLt blank rn[VH or tape, 

(9) Crankcase, Remove the _oil-*uni j> j il iig and t*- 
plnrr it willi ihv- properly specified deliydriilor plug. 
A I tar h the HUiiip plug to the sump with surriy wire. 

(10) Mfj;; It /(.\. Stsal all external openinipi wtUi the 
properly spei^ilied tape. Coat the cam breaker me- 
dtatiism with oil, as specified in Te<jinjcal Orders, 

(II) Propeikr shaft Treat aa ^wctfied io fiaia- 
gnph 6Ub(luj. 

(12) (^tinder bant, li«ciflid iii 
graph 59b(3). 

(13) Other engine £i/Krifn(rt. 

tafx; or uihor suitable moistanhmratabt anb tta 
Bp^vilifHi in Tet hiik'al Orders, 

(14) Poikirig procedure. Silica gel and the eogiiie 
iniv«lope will be applki^MdbeeiribQdifttlwparitdc^ 
T«duuc«l Order. 

b> Eagtnea that cdnnot b« opermted. Engines 
which caonot have their croukahafta rotated vUl be 
breaied as n«ir to the pitkcednre listed tn a above as 
practical LHraost care must be applied to make 
oertain that all interior surfaces are sprayed or 



l ^wa^ffl iwt hayeiftgm-oipt Enrteofin of tie 

iZ. PREPAHING SFRVTCEjggyS ENGINES 
FOR SERVICE. Serviceable engfaesto bfi installed 
In aircraft will be prepared for service atcorilinK to 
the detailed procedure liiited in Technical Uiden^ 
A brief ObtUae of the procedure follows: 

m*. En||jbiw mvelopc. Carefully open the DOt&M 
•BMnipe %iSKiDi imneoeesary tearing and flo^[^K 
erareioipe down over the sides of the eagiae. Remove 
the eu^iiio from tlie mounting plate. AAor removing 
the engine, the envelope ^ W (WWeel^ clee0M 
and folded f«r reuse. 

b. SiHca-f^t-l biifiH, h<'u1«i, iind (lehydrjitor 
plugs. Removt! all «ilira-gel bags, ail seals and ii^ 
doeurea, and all debydrator plugs. 

c. Cuno oil Btraiuer. See para0^ipii (Md(S). 

d. Supercharger fu«l-dnun VMve* If tul Bait 
hin Bt aUed, dean aad check it fog pwrnrc^etalionk 
Lnbricate with engine oil and retnataU. 

p. Kni^'ine cylindcn IUmI VllMe. SDV^OI M 
sp?t iiied ill partijfrapli 59d(2). 

f. Blower (itiiprlU'r) s*cctlon. lATien instBlling 
a radial engine, llu^ ({frrotijon-preventjve compuuud 
is allowed t<* drain into the lower intake pipes for at 
least 24 houia with the engine in a flying position. 
^iThis may be done by pbcing it in position on the 
idiplazn, atupeodiog it, or by laying the packing 
box or <3ate on ito tide. Aft« dtaudng, ranove the 
intake ig^^^ liOiBve Ute %:(iM^ itm vii^0»^ tbe 
pipes. 

g. Spurk pliigH. See jiririifirrijth (iOd (8). 

h. Pri'oiliiig the ensioc. tiefure miundtesliug, . 
prei>il 1 lie ^g a e M i o <<#iy<6liiiii^ 

cal Orders. ^ 

&. AIRCRAFT SUBJECTED TO SEA-WEATE- 
ER CONDITIONS DLIItlNG SHIFMENT. En- 

gines installed in aircraft thai are loadijd aboard 
ships and subjected lo weather conditioria wiU 
be treated fur f xtcudcd sl n iiL;*' status. In addition, 
liie foUowiiiK priM tMiurc^ niiisl uLk> be included. 

a. Exterior t n^int^ t^url'urt-;!*. All exterior engine 
gtirfaces. parting lines of the crankcase, ftlfl™jj| L 
gtnds, and Ta\\a will be sprayed with pt&^i^S 
specified solveoL (Sea Techaical Oidos.) 

h. Oil TcgulatOM end ndiators. llie oil regu- 
lators and THdiators roust be sprayed with a light 
c»at of corrcKiiuu'preveativa uuxtuie to prevent 

t WB wi e a from nil qpm^. 
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